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Let us work as we pray; for indeed, 
work is the body's best prayer to the Divine, 
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SYLLABUS IN CHEMISTRY PRACTICALS 


CLASS XII 
“One Practical Paper Time : 3 hours Marks :30 
Core Experiments Marks 
(i) (a) Content Based Experiments 4 
(b) Volumetric Analysis 6 
(c) Mixture Analysis 10 
(ii) Investigatory Project 5 
(iii) Class Record and Viva 5 


i 1. Preparation of double salt of ferrous ammonium sulphate or potash 
alum. 
2. (i) Preparation of one lyophilic and one lyophobic sol. 


Lyophilic sols—starch, egg, albumin and gum ; 
Lyophobic sols—ferric hydroxide, aluminium hydroxide and "arsenious 


-sulphide. 


(ii) Dialysis of sols prepared in 2 (i) above. 
(iii) Comparison of the precipitation values of sodium chloride, barium 


-chloride and aluminium chloride for arsenious sulphide sol. 


3. Study of the role of emulsifying agents in stabilizing the emulsions of 
different oils. 

4. Effect of concentration and temperature on the rate of reaction between 
sodium thiosulphate and hydrochloric acid. 

5. (i) Separation of pigments present in leaves and flowers by paper 
chromatography, Determination of Rf values. 

(ii) separation of constituents present in an inorganic mixture (consti- 

tuents having wide difference in Rf values only will be provided). 

6. Determination of the strength of KMnO; solution by titrating it against 


«(i) oxalic acid solution, and (ii) ferrous ammonium sulphate solution. 


7. Qualitative analysis : 

Identification of two cations and two anions in a mixture : 

Cations : Pb?+, Cus+, Cd2*, As3+, Hg2t, Als+, Fest, Fe*t, Zna*, Co**, 
Mn?+, Ni?+, Ca?+, Ba®+, Sr*+, Mg2+, NH4*. 
A : S%-, SO3?-, SO,2-, CO,*-, NO;-, NOs-, Cl”, Br-, I-, PO, 

_ (N.B. : Insoluble salts and interfering ions are to be excluded. Also, two 

cations of the same group and anion combinations such as 
(SO,2--+SO3?-), (NO2--+NOs-) or (CI-+Br-) or (Br-+I-), (COs*-+C,02%- 
should be avoided). \ 

8. Identification of cations and anions in common fertilizers. 

9. Study of simple reactions of carbohydrates, fats and proteins in pure 


-form and detection of their presence in given food stuff. 


10. Test for the functiona l groups : 
unsaturation, alcoholic group, phenolic group, aldehyde group,] carboxylic 


.group, ketonic group, amino group. 


11. Distinguishing between following pairs of organic compounds by suit- 


_able chemical tests : 


oe 


(i) Methanol and ethanol (ii) Benzaldehyde and acetone 
(iii) Ethyl alcohol and phenol (iv) Phenol and benzoic acid 
(v) Anilinc and phenol 
12. Preparation of any two of the following : 


(i) Iodoform, (ii) Aspirin, (iii) Acetanilide (iv) Di-benzal acetone 
(v) p—nitroacetanilide. 


Suggestive Projects Marks : 5 


[Any one is to be submitted at the time of final examination] 
1. Study of diffusion of a solid into a liquid. 


2. Determination of the minimum quantity of manganese dioxide required’ 
as a catalyst for the preparation of Oxygen gas. 

3. Determination of rate of flow of solutions and liquids horizontally. 

4. Investigation on the foaming Capacity of different washing soaps and 
the effect/of addition of sodium carbonate on them, 


5. Study of the acidity of different samples of the tea leaves and reasons. 
for the variation in their taste, 


6. Determination of the rate of evaporation of different liquids. 
7, Study of the effect òfm 


10. Preparation of rayon threads from vario! 
11. Study of dyeing of fabrics under vario 


12. Determination of the dosage of bleaching powder required for disinfec- 
tion of different samples of water (taken from different sources), 
13. Study of the pr 


A esence of oxalate ions in guava fruit at different stages. 
of ripening, 


us cellulose sources, 
us conditions. 


14. Study of the setting of mixtures of cement with lime, sand of different 
qualities, rice husk, etc. (with respect to time, volume and Strength), 


15. Study of the Presence of insecticide, 


4 [pesticide (nitrogen containing) in. 
vegetables and fruits, 

16. Study of the dialysis of different Sewage water samples and identifica. 
tion of different ions in resulting solutions, 


17. Study of quantity of casein Present in different semples of milk, 
18. Preparation of Soyabean milk and its comparison with the natural 
milk with respect to curd formation, effect of temperature, taste, etc, 
_ 19. Study of the effect of potassium bisulphate as food preservative under 
various conditions (temperature, concentration, time, etc, 
20. Study of digestion of starch by 
temperature on it, 


21. Comparative study of the rate of formation of following substances, 
wheat flour, gram flour, potato juice, carrot juice and organic juice, 


22. Extraction of essential oils present in Saunf (Aniseed), Ajwain (Carum)j} 
and Illachi (cardamom) 


salivary amylase and effect of pH and’ 


a orn Study of constituents of an alloy (any sample easily available may be: 
en). 


24. Study of common food adultrants in {fat, oil, 


wdi i butter, sugar, termuric 

Powder, chille Powder and pepper. 

Note. Any other investigatory roject can {be erformed which involves. 
about 10 Periods o Proj it Pp 


f work with the approval of the teacher, 


PREFACE 


This laboratory manual is intended for class XII students. 
Mt meets the requirements of the syllabus prescribed by the Central 
Board of Secondary Education, New Delhi. 


Each laboratory work is preceded by a brief theoretical intro- 
«duction for independent study before ` the student proceeds to 
perform practical work in the laboratory. At the end of each unit, 
oral questions with their answers, have been included. It is an 
integral part of the laboratory work. Effort has been made to 
keep pace with the advances in laboratory work. 


Care has been taken over the planning of each experiment so 
as to present the procedure, conclusion, etc. vividly. The subject 


„matter and the experiments have been planned with a view to help 
the students of all levels. i 


In the last unit, a few investigatory projects have seen given 
within reasonable limits. The detailed investigations, observations 
and precise inference are left to the students. However, some sam- 
(ple observations and inferences are given. 


The prime objective of introducing the investigatory project 


‘of the board has been to provide the students the taste of chemical 
Tesearch, 


It is hoped that the book will meet the requirements of the 
‘students. We look forward to valuable Suggestions from all our 
aeaders for further improvement of the book, as I earnestly believe 
in the following words from the Rigveda, 


“Let noble thoughts come to us from every side”. 


Although considerable care has been taken in introducing the 
subject matter, yet the Possibility of any error or ambiguity in 
matter/fact that may have found its way into the book in hand, 
cannot be ruled out. 


I must thank Dr. Mohan Katyal, Dr. V.B. Agrawal, Dr. S.C. 
Vats, Shri R.S. Goel, Shri P.K. Gupta, Shri Surya Prasad, Shri 
Sumer Chand Bansal, Shri K.P. Sharma and Shri Pavan Chaudhary, 
for their constant encouragement in this humble endevour. 


Finally, I must thank my wife Smt. Manju Goel and Cutidren 
Medha, Mayank and Manisha for their patience, help and coope- 
ration at all times. 


AUTHOR 


CONTENTS 
Syllabus in Chemistry Practicals 


Working in a Chemical Laboratory te 
Preparation of Crystals ; Nig 
Sols : Preparation, Purification and Coagulation... 


Agents 


Rate of Reaction: Effect of Concentration and 
Temperature x 


Paper Chromatography 
Volumetric (Titrimetric) Analysis 
Qualitative Analysis—Identification of Cations and 


Emulsions : Formation and the Role of Emulsifying 


Anions Present in a Mixture ie 
Identification of Ions in Common Fertilizers = 
Reactions of Carbohydrates, Fats and Proteins and 
their detection in Food Stuffs E 
Identification of Functional Groups > 
Distinction between Pairs of Organic Compounds -.- 
Preparation of Organic Compounds an 
Investigatory Projects rt 
14.1. Diffusion of solids in liquids at 
14.2. Role of manganese dioxide in the preparation 

Of oxygen gas 
14.3. Order of a reaction e 


14,4, Adsorption 
14.5, Hardness of water 
14.6. Chemica} Sanitizers 


Appendix—Preparation of reagent solutions 


—International atomic masses 
—Logarithms 


110° 
169 


176- 
190: 
224 
233 
246.. 
247 


252 
256 
260 
264 
267" 


UNIT 1 


Working in a Chemical Laboratory 


1.1. INTRODUCTION 

Chemistry laboratory is an integral part of a course of 
chemistry. It is necessary for the students toget familiarized with 
the equipments and permanent fixtures in the laboratory. 


Work in a chemical laboratory is effective only when it is 
‘performed conscientiously, with an understanding of its theory and 
‘basic techniques. Moreover, every chemical operation requires that 
the experimenter be careful and attentive. Carelessness in handling 
the apparatus and lack of planning and organization of chemical 
-work may result in serious consequences and incorrect results. This 

. is why students are allowed to work in a laboratory only after 
preliminary briefing. 

All laboratory works should be done by students individually. 
From the very first day in the laboratory, thought should be given to 
the time saving factor. 


1.2. PROCEDURE OF WORK IN A LABORATORY 


1. A student must read the description of the experiments he 
is to perform in the laboratory from standard texts, acquaint himself 
with the properties of the substances being studied, with the theory 
relating to the experiment and also note the special attention that 
the experiment demands. j i 

2. Every student must keep his table clean and in good order. 
‘Only the objects needed for work must be on the table. 

3. Every student should take the reagents in the quantities 
suggested.. The stoppers of reagent bottles should be promptly 
replaced, and the bottles should be put back in their assigned 
place. 

4, Take dry reagents or chemicals with a clean spatula or a 
small spoon. When taking solutions from reagent bottles, hold the 
atter with the labels upward (to prevent soiling them). 


5. A reagent taken in excess (or unconsumed) should never be 
poured back into the bottle. 


6. Never leave reagents taken from the shelves at your place 
of work. 


(1) 


7. Make use of the dropper for pouring solutions from 
bottles. 


8. . Use only distilled water when preparing aqueous solutions, 
washing precipitates, rinsing glass-ware and so on. 
9. Always wear lab-coats when working. 


10. Always follow the instructions sincerely given by your 
teachers. 


Laboratory Notebook 


A student working in a laborato: 
record of the experimental work done 


may be kept in mind for an idea 
book : 


by him. The following points 
1 record of the practical note- 


(i) All the Pages of the record book should be numbered. 
Never remoye any page from it, 


(ii) Write the date and the 


object of the experiment at the top 
of the right hand page. : 


(iii) Enter your observatio 
Never trust your memory in this 
should never be written on the sc 


(iv) Get y 
the laboratory, 


ns directly in the fair notebook. 
Tespect, it often deceives you. It 
Taps of paper or filter paper. 


our readings checked by the teacher before leaving 
(v) Do not 


book till the next d 


ay. The work should be finished in the laboratory 
itself. í 


(vi) Mistakes should be crossed 
erase anything in the notebook. 


(vii) Write legibly and with good ink. 


out with a single line. ‘Do not 


(iii) Always draw diagrams with pencil and on the left hand 
Side of the record book. 


(ix) Always write a new experiment on a fresh page. 
a clear idea of the number of experiments done by you. 
(x) The method e 
be written clearly and c 
experiment should b; 
course of experimen 


(xi) Get your record book signed by the teacher. Keep it 
clean and tidy, 


It gives 


ry has to maintain a complete- 


postpone the completion of your practical noie- 


j 


An example for keeping an experiment record is given below : 


Left band page 


(i) Experiment No. 
(ii) Name of experiment 
(iii) Diagram with pencil 
| (iv) Chemical equation (if any) 
| (v) Observations 


(vi) Calculations 


Result 


| 


Right hand page 
Date.. 


(i) Experiment No. 

(ii) Name of experiment 
(iii) Apparatus and chemicals 
(iv) Theory 

(v) Procedure 

(vi) Precautions 


Result 


Safety 


Special precautions must be taken 


the laboratory. 
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and safety rules observed in 


Never work with highly inflammable substances near a lighted 


burner. 


Keep working areas clear of books, etc. 


Work far from a flame. 
burn. 


Point test tubes away from yourself and others. 
Wear eyeshields if there is any risk to eyes. 
Report any accident, however, small at once. 
Don’t taste anything. Find other ways to recognize substances. 
Smell a gas with great care if necessary. 


Beware of water when working with metallic sodium. 


Never bend over a liquid’being heated or substance being fused: 


to avoid Splashes getting onto your face. 


Perform all work with substances that ar 
an unpleasant odour, and also the evaporation 
solutions only in a fume-cupboard. 


Never throw chemicals into the containers for waste, 
Close the gas taps and water taps when not in use, 


The drawings (Fig. 1.1) shown are labels. 
dangerous substances. Each picture explains 


They appear on bottles and containers. 


Remember that clothes and hair will 


e poisonous or havc- 
of acids and acidic 


They are used: for 
what the danger js, 


EXPLOSIVE TOXIC (POISON) 


-= 


OXIDIZING AGENT FLAMMABLE HARMFUL OR 
(OXIDANT) (WILL.BURN) IRRITATING 
Fig. 1.1. Labels on bottles indicating what the danger is. 
FirstjAid k 


l. Ifa concentrated acid (sulphuric, nitric, etc.) or an alkali 
solution gets on your skin (hands, erc.) immediately wash the’ burnt, 


spot under running water for sufficient time. Now apply a cotton - 


wool bandage soaked in an alcohol solution of tannin ora 3% 
potassium permanganate solution. 


2. If splashes of an acid, ammonia, alkali, etc. get into your 
eyes, immediately wash them with plenty of water and consult a 
physician without delay. 
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3. Ifyou have burnt your skin with .a hot object, first apply a 
bandage soaked in an alcoho) solution of tannin or a 3%. potassium 
permanganate solution and then a bandage of ointment for burns. 


4. If you have cuts with glass, etc., first check for any glass 
piece and then apply a cotton wool bandage. If cuts are strong 
immediately see a physician. 

5. If someone is poisoned by chlorine, hydrogen sulphide or 


carbon monoxide take him or her out into the open air and imme- 
diately call a physician. 


‘ 6. If someone is poisoned by chemicals, take him or her 
immediately to a physician. 
13. LABORATORY WARE 

We are already familiar with the various types of glass-wares 


used in laboratory work. Common measuring vessels used in 
laboratory Work are flasks, Pipettes, burettes and measuring 


— 
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cylinders. A variety of heating equipments and heating aids is used 
in a laboratory, namely, gas burners, hot plates, baths, wire guaze, 
tripod stand, ete. There are some other aids which are found in the 
laboratory—iron stand, test tube stand, test tube brush, weight box, 
triangular file, cork, wash bottle, reagent bottle, chemicals, thermo- 
meter, filter paper, spatula, tongs, blow pipe, test tube clamp, erc. 


Cleaning of Glass-wares 


Cleanliness is very important. This attracts the students to- 
wards laboratory and fills them with zeal for working. Any trace of 
an impurity can affect the course of a chemical Teaction, The 
apparatus should be thoroughly washed before Starting as well as 
after finishing the experiment. 


The glass apparatus is generally cleaned by scrubbing with 
washing soda (NasCO;) or washing powder, such as Vim or Det. 
A suitable brush may be used for removing the dirt. It is then 
washed with tap water. Finally, it is rinsed with distilled water. 


If the apparatus is very greasy or dirty, it should be treated 
with chromic acid (prepared by adding 5 g of commercially grade 
Potassium dichromate to 100 ml of concentrated sulphuric acid with 
stirring and then cooling it). This ensures good wettability of the 
glass. 


After the use, the chromic acid should be poured back into its 
bottle. The acid is washed away with water. 


_ The washed apparatus should be kept in an inverted position to 
drain off the water. The inside of the laboratory ware should not be 
wiped with a towel. When required, the glass-ware should be dried 
in a drying cabinet (except for measuring vessels, which are never 
dried by heating). 


1.4. CHEMICALS AND THEIR USE 


A substance used in chemistry should be pure. Most substances 


‘used in chemistry are kept in glass or plastic bottles. Each has a 


Jabel. It gives the chemical name of the substance and tells as how 
much pure it is. 


The dry chemicals should be taken with a clean spatula or a 
special spoon. A dropper should be used for pouring liquids from 
bottles [Fig. !.2(a)]. When pouring liquids from bottles [Fig. 1.2(4)] 
hold the latter with the labels upward (to prevent soiling them). 


: Fig. 1.2, How to pour reagents. 
15. STUDY OF BURNERS 

There are s 
principle in each t 


gas is burnt in the presence of air to produce an intens 
flame. The temper 


everal types of Bunsen burners, but the. wor 
ype is always the same. In a burner, oi 


tin 
ature of the flame can be cotton ea ed Bente 
the flow of gas and air. The essential parts of a Bu 
(Fig. 1.3) are as follows: 


í : iron Or 
(i) Base. It isa heavy metallic disc made of cast 1 
brass. The base 


j iti is also 
keeps the burner in a stable position. It is 


la 


._ -erally made of brass. It is 


‘provided with a side inlet tube 


for the gas. The inlet tube is 
connected by a rubber tubing 
to the gas tap. 


(ii) Nipple. It is gen- 


fitted just at the top of the 
base. It has a fine hole in the 
centre. The gas which enters 


= AIR Al ar 


REGULATOR 


the base through the side inlet NIPPLE 
comes out through the nipple 
under increased pressure into GAS GAS 
the burner tube. ! | TUBE 
` BASE 

(iii) Burning Tube. It 
is a long cylindrical tube about - 
10-15 cm in length. It is gene- Fig. 1.3. Bunsen burner and its parts. 


Tally made of iron or brass. It has two holes opposite to each other 


above its lower end which serve as airholes. It can be screwed 


or unscrewed at the base. Gas and air enter this tube and burn at 
the top. 


(iv) Air Regulator. It isa metallic ring which has two holes 
corresponding to the two air holes of the burner tube. It is provided 
at the lower end ‘of the burner tube. By rotating the air regulator, 
it is possible to control the air holes thus regulating the supply 


Of air. 


Working. When the burner is to be used, the rubber tubing 


Attached to its base is connected to the gas tap. The air regulator 


is adjusted to close the air holes. The gas tap is then opened and 


the lighted match js applied to the edge of the burner opening. The 


gas burns with a yellow flame, j.e., it is luminous [Fig. 1.4 (a)]. This 


is Caused by the reduced supply of air inside the tube. It is used 
‘only for reducing purposes and is, therefore, known as reducing 


flame. 


When the air regulator is adjusted to open the air holes, the 
flame becomes non-smoky and non-luminous because of the complete 
combustion of the gas [Fig. 1.4 (6)]. This flame is used for general 


heating purposes. It has a higher temperature than-the luminous 
flame. It is also known as an oxidizing flame. 


Striking Back of the Burner. When the supply of the air 
in the gas-air mixture becomes high, the flame becomes unsteady and 
noisy. At times, the flame may even disappear and the gas burns 
at the mouth of the nipple, giving a small blue flame. This is known 


as the striking back of the flame. This makes the burner hot. 


If the burner has struck back, close the gas tap, cool it, then 
light the burner again with a smaller opening for the air. - 


NON-LUMINOUS ` 
sooly NON 
LUMINOUS Ne PAM 
m 

HOES 
AIRHOLES AIR'HOLE! 
CLOSED PARTIALLY OPEN 


2 7 holes are 
Fig. 1.4. Bunsen burner’s flame when holes 
i (a) ere and (b) opened: i 
iki ç ner 
__» Itis possible to prevent the striking back of ie Bamin 
either decreasing the air supply or by increasing the gas 
Psdcautions. Whe 


never a burner is used in a laboratory, the 
following precautions sho 


uld be kept in mind ; 


(i) Always:keep the air inlets closed when lighting the poten 
(ii) To get a Steady non-luminous flame, open the air ho 
gtadually, 


t x as b 
(iii) Regulate the flame by decreasing the supply of gas by 
adjusting the gas tap. 


for ge eatin 
(iv) Always use’ the Non-luminous flame for general heating 
Purposes, beca 


te 
use it gives the maximum heat due to the comple 
combustion of the hydrocarbons, 

~ (v) Do not throw any chemic. 
the bu 


al into the flame. This enters 
rner tubë and block the nipp! 


c 
} P sing the gas 
(vi) When the burner is not in use, put it off by oore 
tap. 


1.6, WEIGHING 


Weighin With varied accuracy is required in laboratory wor 
pee weighing, various types of balances have been designed: chemin 
balance, analytical balance, Single pan balance, rough balan 
(Fig. 1.5), etc, 

A conventional analytical balance can be used for yeiening o 
much as 200 g with an accuracy up to 0.0002 g. It was anyen cd by 
Lavoisier, the father of analytical chemistry. An. analytical ala c 
is shown in Fig. 1.6. The main parts of the balance are; the 
graduated. metal beam, Pillar, Pointer, stirrups, pans, balancing or 


Fig. 1.5, Rough balance 
levelling screw, index scale, knife edges, plumb line, key or lever, 
rider carrier. 

The metal beam (equal-arm lever) is provided with three knife 
edges two at its ends and one in its middle. The middle knife edge 
Tests. on a place on the central pillar of the balance and provides 
support, The stirrups carrying the balance pans rest on the side 
knife edges. The beam is provided with a long pointer that points 
the deviation of the beam from a horizontal position (pointer is 
opposite zero) on a scale. 


The balance is housed in a wooden cabinet whose front glass 
` door cari to raised and whose side glass doors can be opened. The 

cabinet protects the balance from dust and air streams. The latter 
make accurate weighing impossible. 


Fig. 1.6. Analytical balance. 1. Pillar, 2. Key, 3. Pans, 4. Pointer, 
5 Graduated scale, 6. Plumb weight, 7. Screws for levelling the 
"balance, 8. Beam, 9. Screws for balancing empty pans. 


The following should be taken ca: 
(7) Clean the balance with a soft 


(ii) Check the balance for 
by the plumbline of the balance. 
the levelling screws to bring the pl 


Te prior to weighing : 

cloth and brush the pans. 
accurate levelling which is indicated 
If the balance is not in level, turn 
umbline in correct position. 


(iii) Gently turn the key (arrester handle) to the Tight (clock- 
wise) and see the tocking of the pointer. 


If the pointer deviates from ze 


been checked, the beam should be arrested R 
the key back into the non-operation position. 


the Weights placed in the Tight ‘pan 
the rider (as calcul. 


i i ghing by: difference, A watch glass or weighing bottle 
iS Weighed. A requisite amount of the substance is taken in a weigh- 
ing bottle and ig Weighed accurately. The weighing bottle is then 
carefully removed from the Pan and the content is poured into the 
the carr -_ The Weighing bottle is reweighed with its remains. 
erence in Weights gives the mass of the substance taken. 


i hing bottle+substance= p; g 
aking out t tance=W g 
Mass of the sub. g Out the substan 


tely weighes EE by addition: A Clean watch glass is accura- 


a suitable amount of the Substance is then added 
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to it Required weights are placed on the right pan. The substance 
is added or removed from the watch glass a little ata time by a 
small spatula until the required weights are counterbalanced :by the 
watch glass and its contents. Now when the balance is arrested, the 
watch glass isremoved carefully and the substance is transferred to 
a beaker (or flask) and the particles of the substance still adhering 
to the watch glass are washed off with a stream of water from the 
wash bottle in the beaker. -A substance can also be weighed ina 
weighing bottle but the addition and removal of substance becomes 
a time consuming exercise. , 

Accurate mass of watch glass= W; g 

Mass of watch glass-++substance=W, g 

Mass of substance taken=(W2—W,) g 

Weight Box. This is a wooden box with grooves in which the 


niekel plated metallic weights of mass 50 g, 20 g, 20 g, 10 g, 5 g, 2 g, 
2 g, and I gare kept (Fig. 1.7). There are fractional weights of 


OARIoAAS 


0.5 0.2 0.02 01 0:05 0.02 0.2 0.01 
Fig. 1.7. Weight Box. 


mass 500 mg, 200 mg, 200 mg, 100 mg, 50 mg, 20 mg, 20 mg, 10 mg, 
5 mg, 2 mg, 2 mg, and. 1 mg. The fractional weights lower than 
10 mg are generally not used. A rider is employed for weights 


` lower than 10 mg. 


Rider. The rider is a curve shaped small piece of wire. It is 
made of aluminium, platinum or gold weighing 10 mg. When the 
‘rider is kept in the balance pan or it rests upon the tenth gradua- 
tion mark of the beam which is vertically above the point of suspen- 
sion of the pan, its full weight (0 mg) is taken into account. 
However, its effective weight in milligrams will vary according to the 
position of the rider on the graduated beam. The beam remains 
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ach side of the centre aad the eack 
in five equal Parts indicating 1/S5th 
of a milligram. Divisions are always numbered. The rider on the 

i i i T. Carrier which can be moyed to and 
fro. The effective-weight of the Tider corresponds to the position 
in which it is placed. 


Position of. rider and its effect 


ive weight 
Position on Weight in 


Position on Weight in 
division gram Subdivision gram 
1: 0.001 ] 0.0002 
2 0.002 2 0.0004 
3 0.003 3 0.0006. 
5 0.005 4 0.0008 
a 0.007 


Precautions in using the balance 


. (Ù Use the same set of weights 
Weighings involved in one experiment, 


(ii) See that the balance is in operational order. 


(iii) Never Place the substances to be weighed directly on the 
bal - Solids are weighed on watch glasses or in weighing 
bottles whereas Volatile, hygroscopic or efflorescent Substances and 
liquids are Weighed in stoppered weighing bottles. Caustic alkalis, 
liquid acids and other Corrosive substances should not be weighed 
alance, 

(iy) Use forceps for lifting the weights. Never touch them with 
fingers and hands, eights should never be placed on the table or 
On the floor of the balance. The weights are kept in a box ina 


definite order that must be strictly followed when weights are placed 
1n the right Pan of the balance, 


v) Put weights or loads on the balance pans and remove them 
only when the pans are arrested and the beam is raised. 


Oi) Operate the key gently so as not to jerk the balance. _ 
(vii) The Substance and the we; d be placed on the 
weights shoul e pi 
wane agg ved from them through the said doors. During 
must fecha also when the balance is not being used, all the doors. 
CH) Do not wej hh : ist aes 
objects, before Weighing, g Objects. Hot crucibles or some 


and the same balance for all 


perature. Cooled in desiccators to room tem- 
(ix) After the weighin« ; ed in their 
Tespective nests in the bo Sten oe ents should be Tepine 


7 x with t i balance and 
the weights should always be Left nyo forceps, The 
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(x) Record the readings of weighings immediately in the 
practical record book. 


1.7. PREPARATION OF SOLUTIONS 


The concentration of solutions is, in most cases, expressed by 
the amount of the solute by mass in a definite mass or volume of 
the solution or the solvent. More specifically, concentration is 
usually expressed in one the following ways: as percentage con- 
centration (%), as molar concentration (M), as molal concentration 
(m) or as normal concentration (N). 


Molar Concentrations 


The most useful way of expressing exact concentrations of 
solutions is in terms of moles of solute per litre of solution. Such 
concentrations are called molar and are designated by the letter ‘M’. 
It expresses with considerable accuracy the exact number of particles 
{ions or molecules) per unit of solution volume. 


Molarity=moles of solnte per litre of solution 
a 
4 
where n=number of moles 
V=volume in litres of solution 


A mole (6.02 x 10? particles) of atoms or molecules is present 
in the atomic or molecular mass expressed in grams. This mass of 


any substance that contains a mole of particles is called the molar 
mass. 


Thus, a mole of sodium atoms (atomic mass=23 amu) has 
mass of 23 g. Therefore, the molar mass of sodium is 23 g mol—* 
(g mol means g per mole). Similarly, a mole of water molecules 
(molecular mass=18 amu) has a mass of 18 g and thus the molar 
mass of water is 18 g mol. 


Now the molarity of a solution can be calculated from the 
expression, 
Grams of a solute per litre 
Molar mass of the solute 


While preparing the dilute solution of desired molarity and 
volume, we must be careful to distinguish between the concentration 
(molarity) and the amount (moles) of a solute ina solution. The 
concentration of a substance in a drop of its solution is the same as 
its concentration ina litre ofthe same solution. Obviously, the 
amount of the substance in its one litre solution is much greater 
than itis in the drop. If the drop were diluted to'a litre of sohition, 
the moles of solute would remain the same even though the concen- 
tration is greatly decreased. 


Molarity= 
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«<. Number of moles before dilution=Number of moles after 
dilution: 
We know that number of moles=molarity x volume 
n=MxvV 
By substituting equals for equals, we get, 
M,=MY, 


mole ole 
L XL= ee x 


` M,V,=the number of moles before dilution 
M.V,=the number of moles after dilution 


where 


Normal Concentration 


The normal concentration of a solution, designated by the 
letter ‘N? js another way of expressing the concentration o! solu- 
tions. This method is based on the equivalent mass of the solute. 

i i » When it contains one gram 


€ solution. .The equivalent 
mass expressed in grams is called gram-equivalent. Itis important 


to emphasize here that the gram-equivalent is not invariant as the 
gram-molecular mass is but depends upon the reaction concerned, 


Normality= Concentration in gram per Jitre 
Equivalent mass 


Dilution problems involving normal concentrations are the 
Same as with molar concentrations. 


Number of equivalents before dilution 
=Number of equivalents after dilution. 


wie NVi=NV 2 
Edi ee cae 
JEEN xL= L XE 
. AS we known that the number of equivalents=NV, so itis 
simply a m; 


: matter of substituting “equals for equals’. Accordingly one 
mL o solution of any substance will react exactly with 1 mL 
of 1'0 N soluti 


ch in its Teaction.can correspond to 8.0 % 

aera orl gofh drogen, or the equivalent. In the’context of an, 
p avalent mass (simply cailed equivalent) of an acid is the 
mass of an acid that Provides one mole of hydrogen ions. Thus, 
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H,PO, contains three equivalents per mole, H,SO, contains two 
equiyalents per mole and HCI contains one equivalent per mole. 


Examples — 

HCI(aq)-++ NaOH(aq)—— NaCI(aq)-+ HOH(1) 
H,SO,(aq)+-2NaOH(aq)——>Na,SO,(aq)-+-2 HOH (1) 
HPO,(aq)+-3NaOH(aq)——>Na,PO,(aq) +3HOH(I) 

Similarly, an equivalent of a base is the mass required to supply: 
one mole of hydroxide ions in a reaction. Thus, in order to find out 
the equivalent mass of an acid, it is important to know how many 
protons of an acid could be replaced by a base. Equivalent mass of 


an acid is thus defined as that mass of the acid which contains one. 
replaceable hydrogen atom, i.e., i 


Eauivelent Reese es Molecular mass of acid 4 
Sage gunn sS OACI Number of replaceable H atoms | 


_ Molecular mass ` 


Basicity 


Similarily, the equivalent mass of a base is the mass of the 
base which contains one replaceble hydroxy! group, i.e., 


Molecular mass of base 


Number of H* ions which react with 
a molecule of base 


Equivalent mass of base= 


__ Molecular mass 
Acidity 
_ The equivalent mass of a salt is generally calculated by divi- 
ding the molar mass by the total positive (or negative) valence. 


Examples of equivalent of some acids, bases, and salts are tabulated 
below : 


Equivalent masses of some important acids 


Name of acid Formula of Molecular mass No, of Equivalent 
acid (M) replaceable H mass 
Molar mass (g/mol) atoms (B) (g/equiv.) 
(MIB): 
Hydrochloric acid HCl 36.5 1 36.5. 
Sulphuric acid HS0: 98 2 49: 
Nitric acid HNO; 63 1 63 
| ee 126 2 ‘ 
alic acid | 2H20 63: 
Ozali GOH 
Acetic acid CH;COOH 60 1 60 
Phosphoric acid  HsPOs IPEN 3 32.7 
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Equivalent masses of some important bases and salts 
which behave like bases. 


Name of base Formula of Molecular mass Acidity Equivalent 
ase (M) (A) mass (g/equiv.) 
Molar mass (g| mol) (MIA) 
Sodium hydroxide NaOH 40 1 40 
Potassium hydroxide KOH 56 1 56 
Calcium hydroxide Ca(OH), 14 2 37 
Sodium carbonate NazCO, 106 2 53 
Potassium carbonate K;CO, 138 2 69 
Sodium bicarbonate NaHCO, 84 1 84 
Potassium bicarbonate KHCO, ` 100 1 100 
Equivalent. masses of some important salts 
Compound Molar mass Total positive Equivalent mass 
(g/mol) volume (g/equiv.) 
KCl 74.5 1 74.5—1=74.5 
Nacl 58.5 1 58.5- 1=58.5 
NaSO, 142 2} 142+2=71 
AICI, 133.5 ‘ 3 133,5+3=44.5 
Al,(SO,), 342 6 342+6=57 


The equivalent mass of a substance involved in oxidation- 
reduction titrations is defined as the mass of the substance which 
consumes or produces 1 mole of electrons directly or indirectly. 
Numerically, this may be expressed as follows : 
rai Molecular (or ionic) mass 

Number of electrons gained or lost per 
molecule (or ion) of the substance 

From the above definition it follows that the determination of 
the equivalent mass of an oxidizing or reducing agent involves the 
following steps : 


(i) Complete and balanced ionic equation for its reduction o 
oxidation reaction, and i 


Equivalent mass 


(ii) The number of electrons required or lost per molecule as 
per the balanced ionic equation. The balanced ionic equation of 
KMnO; in acid solntion is 

MnO,-+8H*t+5e-——>Mn**-+ 40,0 


T From this equation it is evident that five electrons are gained 
y each MnO,- during the course of the reaction. 
Therefore, 


Equivaleat mass of Mn0,-= Tonic mass of MnO,” ion 
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Molecular mass of KMnO, 


Equivalent mass of KMnO.= F 


158 
= =31.6 
5 3 


Standard Solutions 


A solution of known concentration is considered as a standard 
solution. The strength of a standard solution is expressed in gram 
equivalents per litre or moles per litre. For example, if 8 g ofa 
substance is dissolved in one litre solution, its strength is 8 g/L. 


Some of the standard solutions are prepared by weighing out 
accurately and dissolving the weighed solute in a suitable solvent 
and making up the solution to a known volume. Standard solutions 
of sodium carbonate, oxalic acid, potassium dichromate, etc. are 
prepared in this way. These substances are available in the pure 
form (analytical grade) and are called primary standard subs- 
tances. Their solutions of known concentration are called primary 
standard solutions as other solutions are standardized against them, 


A primary standard substance must have the following cha- 
Tacteristics : 


(i) It should be easily available in the pure state. 
(ii) It should be stable at room temperature. 
(iii) Its composition should not change when stored. 
(iv) It should be readily sotuble in water. 


Crystalline oxalic acid, sodium carbonate Mohr’s salt, etc. 
have all the characteristics of primary standard substances. 


Substances which do not meet the above requirements are 
called secondary standard substances. Standard solutions of these 
substances cannot be prepared by dissolving their known amount 
in a solvent. For the preparation of standard solutions of such 
substances, as HCI, H}SO,, KMnO,, NaOH, aqueous ammonia, etc., 
first solutions of approximate concentration are prepared and then 
standardized by titrating against a suitable primary standard solu- 
tion. Concentrated HClis about 12N and the strength of conc 
HSO, is about 36N. Hence, the solutions of these acids of 


approximate strength are prepared by diluting their calculated 
volume to a known volume. 


1.7.1. Preparation of the Standard Solution 


; (i) Take a clean and dry weighing bottle. Weigh the weigh- 
ing bottle accurately and record its mass in your record book. 


(ii) Put the substance with a spatula in the weighing bottle 
and take its mass again. The difference between the initial mass 
of the weighing bottle and that of weighing bottle with its contents 
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should correspond to the calculated amount of the substance. Again 
record its mass in your record book. 


(iii) Transfer the weighed substance from the weighing be ttle to 
a 250 mL beaker (Fig. 1.8). If the substance is weighed by difference 
method, the weighing bottle should now be weighed again. If not, 
the weighing bottle should be washed with its contents. Transfer - 
these washings to the beaker. É 


(iv) Add distilled water from a wash bottle along the sides of 
the beaker so that there is no splashing. 


TRANSFERRING 
THE SOLUTION 


a 
WASHING 

D THE WALLS 

OF THE 

BEAKER 


-@ ib) 


i Fig. 1.8. Transferring of a Fig. 1.9 (a) Transferring the solution into a 

weighed substance to a breaker measuring flask, (b) Washing the inner 

for dissolution. surface of the breaker and transferring the 
washings into the flask. 


A (v) Dissolve the substance by stirring it gently with a glass 
tod. 2 


(iv) After ensuring the complete dissolution of the substance 
transfer the entire solution into a measuring flask with the help of a 
funnel [Fig. 1.9 (a)]. 

(vii) Wash the entire interior surface of the breaker with 
distilled water and transfer the washings into the measuring flask 
[Fig. 1.9 (b)]. 

(viii) Now add more of distilled water from a wash bottle tak- 
ing care not to fill upto the mark but a little below it [Fig. 1.10(a)]. 
Finally add a few drops of distilled water witha pipette until the 
lower level of the meniscus just coincides the graduated mark on 
the flask [Fig. 1.10 (b)]. 


(ix) The measuring flask is then stoppered and shaken vigo- 
rously for a few minutes to make the solution homogenous. 


Note. 1. The substance can be weighed in a watch glass also. 
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ADDING 

/ ADDING LAST DROPS 
TO MAKE UP THE 

VOLUME, 


MENISCUS 


1a) a> 


Fig. 1.10 (a) Addition of water, '(b), Addition 
. water to make up the volume. 


2. The weighed substance can be t 
measuring flask to avoid the loss of a sub 
validates the result. 


oflast drops of 


transferred directly into a 
stance. Any spoilage in- 


172. Preparation of a Standard Solution of Oxalic Acid 


Molecuar formula of oxalic acid=(COOH)».2H,0 
Molecular mass of oxalic acid=126 g 


To prepare 1000 mL of IM oxalic acid, 126 g i oxalic acid is 
a 12 
required. To prepare 1000mL of = oxalic acid To £0 12.6 g 
M UDAN 
of oxalic acid is required. And to prepare 250 mL of 0 oxalic acid 
12. : 1 
am = g or 3.15 g of oxalic acid is required. 


Now to prepare a normal solution, equivalent mass or qzae 
acid is required. Tts equivalent mass is half of its molecular a 
as the oxidation of one molecule of oxalic acid liberates two e ie 
trons orit contains two replaceable hydrogen atoms. Now to 


prepare 250 mL of a oxalic acid, 63x 20 


- g or 1.575 g of oxa- 


1000 
lic is required. 
In general, 
Normality Mass of substance 1000 


=>. 
Equivalent mass Volume of solution 


Normality=7 
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Mass of substance required =x g 
Equivalent mass=63 
Volume of solution required=250 mL 


1 _x _ 1000 
10 63 * 250 
1 |, 63X250 _ 1 575 5 


*= 79 * ~ 1000 
Now weigh the calculated amount of oxalic acid as suggested 
in Sections 1.6 and 1.7.1. Dissolve the sample as suggested. 
Mass of watch glass=w, & 
Mass of watch glass+oxalic acid=we g 
Mass of oxalic acid=(w2—w,) g 
Volume of solution to be prepared=250 mL 


3 4 _,  -Ws—W 1000 4(we—wW) 
Normality of oxalic acid= 63% 250 = 63 
1 Hire ees Wi 1000 4(wa—w:) 
Molarity of oxalic acid =a 250° 2 


The terms ‘mass’ and ‘weight’ are loosely equated in practice. 

1.7.3. Preparation of a Standard Solution of Sodium 
Carbonate ‘ 

The molecular formula of anhydrous sodium carbonate is 
Na,CO,. 
í The equivalent mass of a salt taking part in an acid-alkali 
titration is calculated by making use of the law of equivalents or 
using is formula, 
Molecular mass 


Equivalent mass of NagCO;= Acidity 


Thus to prepare 1000 mL of I N sodium carbonate solution 53 g of 
salt is required. 


$ To prepare 1000 mL of N/10 sodium carbonate solution, 
53/10 g or to prepare 250 mL of N/10 sodium carbonate solution 


53x250 
1000 £ 
Weigh 1.325 g of sodium carbonate in a watch glass and dis- 
solve the sample as suggested in Sec. 1°7'1. 
Mass of watch glass=w, g 
Mass of watch glass+-sodium carbonate=w, g 
Mass of sodium carbonate=(wa— w1) g 
Volume of solution to be prepared=250 mL 


pon gs. 


or 1.325 g of sodium carbonate is required. 


Normality of sodium carbonate 


_ -Mass of sodium carbonate - 100 

= Equivalent mass ~ Volume of solution 
_ (Wa—w,)_ 1000 
~~ 53. * 950 


sy 4(Wo—wWi) 
Normality= saa 
Molecular mass of sodium carbonate=106 


Molarity of sodium carbonato= e= w) 


1.7.4. Standard Solutions of Acids 


The most commonly used acid solutions in the laboratory are 
hydrochloric, sulphuric, nitric and acetic acids. These acids cannot 
be weighed like crystalline substances for preparing their solutions 
of known concentrations. Therefore, it is important to know the 
methods by which their Standard solutions can be prepared. The 


concentrations of these commonly used acids are as follows : 


Acid Specific Approximate 
gravity normality 
Hydrochloric acid 1.19 12N 
Nitric acid 1.42 16N 
~ Sulphuric acid 1.84 36 N 
Acetic acid 1.05 14 N 
SN 


For preparing dilute solutions of acids of required concentra- 
tions of acids, we can use the normality equation to calculate the 
volume of a given acid to be taken. 


NVi=NeV 5 
For example, if we have to prepare 250 mL of 5N sulphuric 
acid from 36 N concentrated acid, the volume of concentrated 
sulphuric acid required will be about 35 mL, ie., 
36 NXV,=5N x250 


5x250 1250 mL 
or a= 36 AET E EE mL 


Thus. 35 mL of concentrated sulphuric acid is taken and 
diluted to 250 mL in a Measuring flask. The acid should be 
Poured into water and not water into the acid. This acid 
solution will bë about 5N because the acid available in the market 
may not be exactly 36 N, k 


For preparing 250 mL 


j ic aci oncentrated 
acid required will of N/10 sulphuric acid, the c 


be about 0.7 mL, he., 


nd 


36 wxn.= x 250 


or n= æ 0.7 mL 


1.7.5. Preparation of Dilute Solutions (known Concentrations) 
of Sulphuric acid ss 


(i) To prepare 250 mL 1 N H,SO, take 7 mL pure conc. H,SO« 
with the help of a measuring cylinder (\0 mL capacity) and pour it 
slowly into the 500 mL beaker containing about 200 mL distilled 
water. Stir the solution by a glass rod. After all the acid has been 
added allow the solution to stand at room temperature. Now 
transfer the solution into a 250 mL measuring flask with the 
help of a funnel. Add more of distilled water upto the mark. After 
stoppering the measuring flask, shake the solution thoroughly for 
2-3 min to make the solution homogeneous. The solution will be 
about IN. 

The solution of HSO, can be standardized by titrating against 
standard sodium carbonate solution. The detailed procedure for 
standardizing the solution is given in Unit le 


__ (i) To prepare 250 mL 0.1 N HSO, 0.7 mL pure conc. HSO, 
with the help of a measuring cylinder (1.0 mL or 10 mL capacity). 
Now follow the procedure as given. above. Label the resulting 
solution as 0.1 N H,SOq. 


3 Remarks. (i) When ~ 22 5 mL of conc. hydrochloric acid 
is made upto 250 mL with distilled water, the dilute solut,2n. so 


prepared would approximately be of strength 1 N (or 1M). 

__ i) When ~ 16 mL of conc. nitcic acid is made upto 250 mL 
with distilled water, the dilute solution of the acid so prepared would 
approximately be of strength 1 N (or 1 M). 


(iii) When ~ 7.0 mL of conc. H,SO, is made upto 250 mi 
with distilled water, the dilute solution of the acid so prepare 
would approximately be of strength 1N (or 0.5 M because basicity 
of H,SO, is 2). 


Precautions. 1. Acids being highly corrosive, should be 
handled with extreme care. i 
2. Aprons should be used to protect clothes. 


3. While preparing dilute solutions of acids, acids should be 
pour into water. Special care should be taken in the case of 
sulphuric acid. : ` 


The following tables include the details about the common 
concentrated acids and outlines for preparing dilute acids from them. 
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Concentrated acids 


i Percent Approxi- Normally Volume required Volume required 
aca by mate to make 1 litre to make 250 mL 
mass specific of approxi- of approximately 
gravity mately 1 N N/10 solution 
solution (mL) (mL) 
Hydrochloric 35 1.18 12N 90 2.2 
acid (HCl) 
Nitric acid 70 1.42 16N 65 1.6 
(HNO,) - 
Sulphuric acid 98 1.84 36N 30 0.7 
(S01) 
Acetic acid 99.6 1.05 16N 60 1.5 
\CO,COOH) 
Diluted Acids 
Acid Approximate Preparation 
normality 
Hydrochloric acid 4N Dilute 334 mL of conc. HC] to 1 litre with 
(HCl) distilled water. 
Nitric acid 4N Dilute 248 mL of conc, HNOs to 1 litre 
(ANO,) with distilled water, 
Sulphuric acid 4N Add 112 mL of conc, H,SO, slowly and 
(HsSO4) (2 M) with constant stirring into about 500 mL of 
A distilled water. Cool it and make upto a 
<3 litre by distilled water. 
Acetic acid 4N 


Dilute 255 mL of glacial acetic acid to 1 
litre with distilled water. 


Note: For diluting sulphuric acid solutions, the acid is added into water. 
Water is never added to the sulphuric acid solution. 


1.7.6. Preparation of Dilute Sol 
of Bases 


The most common! 


lutions (Known Concentrations): 


ly used base solutions in the laboratory are 
sodium hydroxide and aqueous ammonia. Sodium hydroxide is a 
deliquescent solid; its standard solutions cannot therefore be 
Prepared by direct weighing. It is usual to prepare a solution of 
approximately the concentration required and then to standardize it 
against standard oxalic acid solution (Unit 7). 


Ammonium hydroxide in solution is only slightly split up into 
ammonium and hydroxide ions. Because of this, at times, it is 


called aqueous ammonia. On standing, dissolved ammonia gas 
evaporates. Tis strength decreases with lapse of time. It is usual to 
Prepare its Standard solution as and when required. A solution of 
oaa am hydroxide smells of ammonia. This is because the 
action of ammonia’ with water is reversible. 

The deco toeD = NHa(g)-+H,0() 

i © decomposition is Si 
air through the solution: | accelerated by heat and also by blowing 
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The foliowing table includes the details about the solutions of 
ammonia and sodium hydroxide and their method of preparation. 


Solutions of ammonia and sodium hydroxide 


Name Molecular Approximate Preparation 
formula normality f 
Conc. ammonia NH; 15N Prepared by diluting the 
solution liquefied ammonia. It 


contains. approximately 
28% of ammonia by 
mass. Its specific gravity 


is @ 0.88. - 
Dilute ammonia NH410H 4N Dilute 268 mL of the conc. 
solution ammonia to one litre by 
distilled water. 
Sodium hydroxide NaOH 4N Dissolve 176 g sodium 
solution hydroxide pellets in 


distilled water. Cool it and 
dilute to make the solution 
one litre. 
SAEN y 
1.7.7. Preparation of Solutions to þe used as Laboratory 
Reagents 


In the laboratory, reagent solutions of definite concentrations 
are used. Chemically pure compounds are dissolved in distilled 
water or some other solvent to prepare their solutions. 


If a substance is water soluble, but turbidity or a precipitate 
appears in its aqueous solution on standing as a result of hydrolysis 
of the dissolved substance, the appropriate acid is added to the 
solution (HCI to chlorides, HNO; to nitrates, and so forth). Some 
reagents, especially organic ones are not water-soluble, and there- 
fore, organic solvents (alcohol, acetone, and so forth) are used for 
dissolving them. : 


For the preparation of acid and base solutions (laboratory 
reagents), the procedure has already been suggested. For preparing 
some other individual reagent solutions, the procedures have been 
given in Appendix. 
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UNIT 2 
Preparation of Crystals 


2.1. INTRODUCTION 


A substance used in chemistry should be pure. If not, we get 
Wrong ideas about it. In daily life, ‘pure’ has a different meaning. 
We buy pure honey. We eat pure butter. We wear clothes made 
of pure woo). Honey, butter and wool are mixtures. In science 
‘pure’ has Only one meaning. A pure substance is a single substance. 
Definite Physical and chemical Properties and colour.and shape of 
the crystals of a substance are attributed to its purity. 


Chemical substances can be recognized by the shape of their 
crystals and their colours. A substance (element or compound) 
acquires a definite crystalline shape depending on the „ conditions 
under which it crystallizes out from its solution. Growing crystals 
Provide a Pleasing experience and wonderful sight to chemists, The 
Goel if grown under suitable conditions, will appear in their 
desired forms. However, some crystals are easier to grow than others, 
©.8-5 large crystals of common salt and washing soda are difficult to 
obtain while those of alums are easier to grow. 


2.2. FORMATION OF CRYSTALS 


Onesies bear in mind the following points while growing 
ctystals from their solutions : 


(i) Crystals can only be obtained froma saturated solution 


Of a substance because a cold solvent is unable to hold as much 
Solute as a hot solvent. : 


(ii) Inorganic Substances are highly soluble in hot water. 


(iii) For the proper towth of crystals, at times, a bit of crystal 
called ‘nucleus’ ja recused, around which the crystal can grow. It 
may also result from the molecules present in solution coming closer 
by chance. More often it is provided by some particle of dust, caught 
by the solution 48 per chance only, A dirty solution can provide a 
arger number of nuclei, thus resulting into the growth ‘of many 
Small crystals, Therefore, the solution should always be filtered and 
Protected from dust particles before keeping for crystallization. 

(iv) Evaporation or uick cooling of hot saturated solution 
should be avoided. As a reni the SeS solute is deposited from 


(26) 
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the solution, and the deposit is obtained as crystals. Thus, rapid 
cooling will give small crystals. 

Slow cooling of the hot saturated solution (gradual crystalliza- 
tion) will give fewer but large crystals. Thus on evaporation or 
cooling crystals form. This is because the particles collide and then 
stay together. 

(v) During the course of crystallization, the solution should 
not be disturbed. The size and shape of crystals may change on 
disturbing the solution. 

The process of crystal formation involves the following steps : 

1. Preparation of saturated solution of a substance. A 
saturated solution is defined as one that contains the maximum 
amount of solute at a given temperature. Thus, a saturated solution 
is prepared by taking a required amount of the substance in a beaker 
and adding water just sufficient to dissolve the substance. At times, 
a saturation stage is reached by concentrating the solution. 

. _, 2. Filtration, The saturated solution is filtered hot in a 
china dish to remove any suspending impurities. 


SOLUTION FOR 
CONCENTRATION 


Fig, 2'1. Concentration of a solution to crystallization. 
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.: 3. Crystallization, The filtrate of -hot ‘saturated solution 
is cooled slowly to initiate the process of gradual crystallization: 


+ = Kot a:b ntle heating of the solution is required on 
a sand bath. The solution -is concentrated to a saturation point 
(Fig. 2.1). To test the Stage of saturation Point, air is blown from 
mouth on a glass rod dipped into solution (Fig. 2.2). Ifa deposit 
appears on the glass rod, the heating 


l ating of the solution js suspended. 
The deposit ensures the crystallization point. . 


etter yield, ge 
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Fig. 2.2, Testing the crystallization point. 


After the crystallization is reached, heating is suspended and 
the solution is allowed to cool undisturbed. 


Note. The attainment of saturation point can be tested by a 
modified method as follow : 


Take up some of the hot liquid in a dropper. Put drops ona 
glass slide ( 


Fig. 2.3). White bits should form immediately in the 
drops. 


GLASS ROD 


#4. - SOLUTION 


DROPS OF HOT SOLUTION 
Pain 


AN W 


WIRE 
x GAUZE / 


Fig. 2,3, Modified method for testing the crystallization point. 


Fig, 2,5. Filtrationjof the crystalszand 


their washing W! 


ith içe cold water. 
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CRYSTALS 


FOLDOF CRYSTALS 
FILTER 
PAPER 


POROUS 
PLATE 


Fig. 2.6. Drying of the crystals, 
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4. Filtration and drying of crystals. When the process 
of crystallization is complete, the solution left is decanted off 
(Fig. 2.4). The decanted solution is still saturated and is called the 
mother liquor, At times, filtration (Fig. 2.5) is also required. The 
crystals are then washed with ice-cold water to remove the adhering 


mother liquor. They are then dried by spreading over a layer 
paper (Fig. 2.6). y SP g ayer of filter 


CRYSTALS ON FILTER PAPER 


MOIST FILTER 
PAPER IN 


Fig. 2.7. Filtration and drying of the crystals on vacuum filter. 


Quick filtration and drying can be effected by using vaccum 
filter (Fig. 2.7). 


2.3. DOUBLE SALTS 
A compound of two normal salts which forms crystals, e.g. 
aluminium potassium sulphate. 


A special series of double salts is called ‘Alums’. Their general 
formula is 


I Il 
M,S0,.M,(SO,)3 24H,0 


I 
where M=Nat, K+, Rb*, Cst, NH,*, Ti+ or Ag+ 


iil 
and M=AI"*, Fest, Cr5*, etc. 
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Thus, alums are hydrated sulphates containing both uni- and 
tripositive ions. Some of the well known alums are : 


Potash alum KeSO,.Al.(SO,)3.24H20 
Ferric alum (NH,),SOq.Fea(SO,)3-24H,O 
Chrome alum K,SO,.Cr.(SO,)s.24H.O. 


2.4, EXPERIMENTS 


Experiment 2'1. To prepare crystals of copper sulphate 


ee) by reacting cupric oxide with concentrated sulphuric 
acid. à 


Apparatus. Beakers, funnel, glass rod, filter paper, evaporat- 
ing dish, funnel stand, tripod stand, wire guaze, burner, mortar and 
pestle. 


Chemicals. Dilute sulphuric acid, cupric oxide, litmus paper. 
Chemical Reaction, H,SO,+CuO —~> CuSO, 4 +H:0O 


Procedure. (i) Take 25 mL of dilute sulphuric acid in a 
250 mL beaker. Add about 2 g of black cupric oxide powder. Heat 
gently and stirr with a glass rod. If all the oxide dissolve, add more. 
Start heating again. Continue to add until some oxide (total ~5 g) 
is left in the liquid. 


(ii) Filter the solution into an evaporating dish. Heat the 
solution gently on a sand bath and concentrate it to the saturation 
point (test the saturation point as described in Section 2.2). 


(iii) Stop heating the solution and allow the solution to stand 
for crystallization. z . 


(iy) After an interval of time, blue coloured crystals will 
appear. Decant off the mother liquor and wash the crystals with 
ice cold water to wash off the mother liquor adhering to the crystals. 
Dry the crystals by spreading them over a fold of filter papers 
(Fig. 2.6). 

Results. Colour of the crystals=-----. 

Shape = 
Yield - = 
Percentage yield E 


Precautions. (i) The solution to be evaporated should be acid 
free. This isto be ascertained by a litmus paper. Undissolved 
cupric oxide also shows that no acid is left. 


(ii) Do not concentrate the solution to dryness. 


(iii) Gentle heating should be done to ensure uniform eva- 
poration. Occasional stirring is advised. 


(iy) Cool the hot saturated solution undisturbed. 
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©) Do not concentrate the solution too much, as it will spit 


out of the dish as steam ig formed beneath ' semi-solid parts of the 
mixture. 


(vi) Do not boil the solution as spurting may occur. 


(vii) To accelerate the Process of crystallization and to geta 
large crystal a well Shaped crystal should be added. 


Note. One can puri 
by preparing a saturated 
Copper sulphate and the 
as suggested in Section 
Experiment 2.1, 


fy the impure sample of copper sulphate 
Solution of prepared impure sample of 
n concentrating it to a saturation point 
2.2. The other details are given under 


Experiment 2,2. To prepare crystals of ferrous sulphate 
(FeS0,.7H,0) by + E 


eacting iron filings with dilute sulphuric acid. 
Apparatus. Same as in Experiment 2.1. 
Chemicals, 


Iron filings, dilute sulphuric acid, potassium thio- 
cyanate solution, li 


tmus paper. 
Chemical Equation. Fe+ HSO, —~ FeSO, 4 +2H 


Procedure. (i) Take 25 mL of dilute sulphuric acid in a 
250 mL beaker. Add about 2 g of good quality iron filings (total 
Iron filings 5 g), Heat gently so that the iron reacts with the acid 
PaA pierates hydrogen (nascent) gas which will reduce the ferric 
sulphate, if formed uring the course of reaction, to ferrous 
sulphate. If al] the iron filings dissolye, add more. Keep heating 
nena Continue to add until some iron filings are left in the 


(i) When no more iron fili i the solution 
into’an evaporating dish. E filings dissolve, filter th 


Vaporate the filtrate on a sand both 
eas Ae Saturation point. Put drops of hot solution 
s slide, ight L f een 

been reached. gat green bits form, the saturation poin 


(iii) Stop heating the solution. 


x Leave it aside to form crystals. 
essary place it in an ice cold 


If 

tous water bath for about half an 
off ener short while, light green crystals will appear. Decant 
liquor adherin ae oe Wash the crystals to remove any mother 
fold of filter papers. “crystals. Dry the crystals by spreading over a 


filings to the Stage when no 


f ferric salt. Addition of iron 
absence of ferric Salts, - 


More of them dissolyes will ensure the 
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2. Crystals of ferrous sulphate can also be obtained from 
Kipp’s waste, a solution of mainly ferrous sulphate containing un- 
reacted sulphuric acid. Excess of sulphuric acid is consumed by 
adding iron filings. The other details are as given above. On con- 
centrating the solution to the point of crystallization and cooling, 
pale green crystals of the hepta-hydrate are deposited. 


Result. Colour of the crystals=-...... 
Shape SS sone 
Yield 
Percentage yield 


Precautions. Same as in Experiment 2.1. 


Experiment 2.3. To prepare crystals of ferrous ammonium 
sulphate or Moht’s salt, FeSO4.( NH4).SO4.6H,0. 


Apparatus. Same as in Experiment 2.1. 


Chemicals. Ferrous sulphate crystals, ammonium sulphate 
crystals, dilute sulphuric acid, distilled water. 

General. When solutions of FeSOy.7H,O and (NH,).SO, are 
mixed in equimolecular proportions, crystals of double salt separate 
on concentrating and cooling the mixture. The crystals are charac- 
terized by their light green colour. They are transparent in nature. 
They are soluble in water. The aqueous solution is acidic in nature. 


FeSO,.7H,0+ (NHj):S0, —-— > Mobhr’s salt+H,O 
(Molecular masses) 


Procedure, (i) Dissolve the weighed FeSO, (10g) and 
(NH,).SO, (5 g) in about 10 mL distilled water contained in two 
separate beakers. Add 2-3 mL of dilute HSO, to prevent the 
hydrolysis of iron salt. Heat the solutions to boiling. Filter the 
solutions if there is any impurity. 

(ii) Mix the two hot solutions. Pour the total solution into a 
China dish and concentrate the solution to a crystallization point. 

(iii) Stop heating the solution. Leave in aside to.form crystals. 
If necessary place it in an ice cold water bath for about half an hour. 

(iv) After a short while, light green crystals will appear. Decant 
off the mother liquor, Wash the crystals with alcoholic water to 


. remove any mothor liquor adhering to the crystals. Dry the crystals 
by spreading over a fold of filter papers. 


Result. Colour of the crystals=...... 
Shape = 
Yield 
Percentage yield 
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Precautions. (i) Dilute sulphuric acid should be added to a 
solution of ferrous sulphate to prevent its oxidation to ferric sulphate 
by atmospheric oxygen. i 


tii) Don’t heat the solution for long as it may oxidize ferrous 
ions to ferric ions. 


(iii) If the solution turns yellow on concentration, discard the 
contents. 


(iv) Other precautions are same as in Experiment 2.1. 


: Experiment 2.4. To prepare the crystals of potash alum 
(Fitkari), K,SOq, Al,(SO,4)s.24H,O. 


Apparatus. Same as in Experiment 2.3. 


Chemicals. Potassium sulphate crystals, aluminium sulphate 
crystals, distilled water. : 


General. The crystals of potash alum are prepared by mixing 
the saturated solutions (containing equimoiecular quantities) of 
potassium sulphate (K,SO,) and aluminium sulphate Ala(S04)3- 
185:0). Transparent octahedral crystals of alum appear on cooling. 
It dissolves in water. Its aqueous solution is acidic in nature, 


KSO. A1(S04)s.18H10 +6H,0 —-— Potash alum 
174 
(Molecular masses) 


Procedure. (i) Dissolve the weighed potassium sulphate (2g) 
and aluminium sulphate (8 g) in about 20 mL distilled water con- 
tained in two separate 250 mL beakers. Stir well to dissolve the 
salts. Aluminium sulphate is not very soluble in cold water, Heat 
the contents to obtain a clear solution (if necessary add more 
water), A-few drops:of conc. H,SO, is also added before heating 
the contents as it prevents the hydrolysis of Als(SO,)s. 


(ii) Pour the two samples of solutions into a china dish. Heat 


the solution gently to crystallization point on a water bath (or sand 
bath). 


(iii) Now stop heating the solution. Keep it aside to form 


crystals. If necessary place it on ice cold water bath for about half 
an hour. 


(iv) On standing and cooling crystals will appear. Decant 


off the mother liquor. Dry t i i 
aa q ry the crystals by spreading over a fold of 


Result. Colour of the crystals= 


Shape wena oli 
Yield a 


» s g AERE 


Percentage yield = 


»” Sy, 
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Precautions. (i) A few drops of conc. HSO, should be 
added while preparing a saturated solution of Al,(SO,), to avoid 
hydrolysis. In the absence of acid, the solution becomes turbid. 


(ii) Other precautions same as in Experiment 2.1 
ORAL QUESTIONS AND ANSWERS 


Q.2.1. What is the meaning of purity of a chemical sub- 
_ Stance ? 


Ans. A pure substance is a single substance with definite 
melting point and other properties. 


Q.2,2. Explain the meaning of these words: solvent, solute, 
solution, soluble, saturated and crystals. 


Ans. Solvent. It can keep the solute, i.e., a soluble sub- 
stance in solution. Itis the major component of a solution. 


_ Solute. A substance which disperses in the solvent. It is the 
minor component of a solution. 


Solution. A homogeneous mixture of a solvent and solute. 


Soluble. A substance is said to be soluble when it disperses 
into the solvent making a clear solution. 


Saturated. A solution is said. to be saturated which cannot 
dissolve the solute after a certain stage and at a given temperature. 
Here in the solution the dissolved solute is in ‘equilibrium with the 
solid solute. A 


_ Crystals. Substances which havea regular arrangement of 
particles and thus a definite geometric shape. 


Q.2.3. What is the meant by crystailization ? 


Ams. When a hot saturated solution of a salt is allowed to 
cool slowly, the salt starts separating out in the form of crystals, 
This process is known as crystallization. 


Q. 2.4, Why do crystals form when hot solution is cooled ? 


Ans. From hot solution, on cooling, initially some bits of salt 
come out. Around these bits, more of bits start depositing forming 
crystals. 


Q. 2.5. Does hot water as compared to cold water dissolve 
more solute or less ? 

Ans. Hot water dissolves more solute, because its tendency 
toward randomness increases because of the increased energy o 
neating. í 


Q.26. Why is the solution not concentrated too much or 
evaporated to dryness in the preparation of crystals ? 
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Ans. When the solution becomes very concentrated, it will 
spit out of the dish as steam is formed beneath semi-solid parts of 
the mixture. Also we get poor quality crystals. 


Q. 2.7. What is seeding ? 
Aus. Sometimes the process of crystallization becomes very 
slow. In such cases, a well shaped crystal of the salt is Suspended in- 


the concentrated solution. Around this crystal, more bits of salt 
deposit. This is known as seeding. 


Q. 2.8. Which of the two techniques is more efficient : 
decantation or filtration ? 


Ans. Filtration is more efficient because it removes even the 
fine particles suspended in a liquid medium. 


Q. 2.9. What is an unsaturated solution ? 


Ans. An unsaturated solution is one which can take more of 
the solute at that temperature. 


Q. 2.10. What is a crystal ? 

Ans. The solid form of a 
shape is named as crystal, 

Q. 2.11. What is decantation ? 


Ans. The process of separating insoluble substances from a 


liquid by simply allowing it to stand for some time and then pouring 
off the mother liquor. 


* Q. 2.12. What is distillation 2 


Ans, The combined process of evaporation and condensation 
is termed as distillation. 


Q. 2.13. What is evaporation ? 


Ans. Evaporation is a process in which a liquid is converted 


into its vapour either by exposure to air at ordinary temperature or 
by the application of heat. 


Q. 2.14. List the factors that influence solubility. 


Ans. (i) Nature of the solute and solvent, 
(ii) Temperature, and 
(ii) Pressure, 


particle having regular geometrical 


Q.2.15. What is mother liquor ? 


Ans. The liquid which is left 


after crystals are separated from 
the saturated so] y P 


ution is called the mother liquor. 
Q. 2:16. What is blue vitriol ? 


Ans. Hydrat l r 
blue SAT Ydrated copper sulphate (CuSO,.5H,O) is known as 
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_.,Q. 2.17. Will the aqueous solution of copper sulphate be 
acidic, basic or neutral ? 


Ans. It will be acidic. 
Q. 2.18. What is green vitriol ? 


eg Hydrated iron (I1) sulphate, FeSOQ,.7H,0 is called green 


Q. 2.19. What is Kipp’s waste ? 

Ans. Jt is a solution of mainly ferrous sulphate with 
poreaated sulphuric acid in Kipp’s apparatus in which H,S is pro- 
E by the reaction ofiron (II) sulphide with dilute sulphuric 


Q. 2.20. Why do the green crystals of ferrous sulphate turn 
brown on exposure to air ? 
Ans. Due to its oxidation to basic ferric sulphate. 
4FeSO, +2H,0+0, —-> 4Fe(OH) SO, 
(Green) (Brown) 


Q. 2.21. What is efflorescene ? 


Ans. Certain substances on exposure to air lose their water of 


qaatallization, This property of the substance is known efflore- 
cence. 


Q. 2.22. How will you calculate the % purity of substance 
(or percentage of each substance) in the mixture ? 

Ans. By using the formula given below : 
Grams of component x 100 

Grams of sample 

Calculate the theoretical mass of copper sulphate 
a given amount of cupric oxide. 
Ans. Theoretical mass of copper sulphate _ 
be Gram formula mass of CuSO,.5H,0O. 
> Wt CE CuO x Gram formula mass of CuO 
Mass of CuSO,.5H,O obtained 


Theoretical mass of CuSO,.5H;O from the 
given amount of CuO 


% component = 


_Q. 2.23. 
obtainable from 


% yield x 100 


Q. 2.24. What is potash alum? Is ita double salt or com- 
plex compound ? 
‘ Ans. The chemical formula for potash alum is K,SQ,. 
Al,(SOq)3.24H,0. 
Potash alum, and other alums, are double salts. Potash alum 
on dissolving into water furnishes K+, Al?* and 50,7 jons which 
can be tested by their usual tests. 
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Q.-2.25. What is the nature of aqueous solutions of potash 
alum and Moht’s salt ? 


Ans. Acidic. 


Q. 2.26. `The crystals of alums grow easily’. Comment on 
the statement. 


Ans. Alums are sparingly soluble in cold water. Because of 
this property, their crystals grow easily. 


Q. 2.27. How does potash alum help in the purification of 
water 7 


Ans. Dust particles being negatively charged are, coagulated 
by Al?* ions. As aresult, the dust particles settle down making 
water clear. 


Q. 2.28. Why is the concentration of solution not done for 
long in the preparation of crystal ? 

Ans. Long heating give poor quality crystals. 

Q. 2.29. What is Mohr’s salt ? 

Ans. FeSO,.(NH,),SO,.6H.0. 


Q. 2.30. Name the ions present in a solution of Mohr’s 
Salt. 


åns. Mohrs salt when dissolved in water forms a clear 


solution which contains Fett, NH,* and SO,’~ ions. These ions can 
be tested by their usual tests. 


Q. 2.31. Inth 
the preparation of 
added. Comment 


Ans. 
sulphate. 


e preparation of ferrous sulphate solution for 
Mohr’s salt, a few drops of sulphuric acid are 


To prevent the hydrolysis and oxidation of ferrous 


Q. 2.32, What is meant by equimolecular proportion ? 


Ans. When two substances are mixed in the ratio of their 


Molecular masses, they are said to be present in equimolecular 
Proportion. 


Q 2.33. At. times Mohr’s salt crystals are washed with 
alcohol. Comment, 


Ans. To remove sulphuric acid from Mohr’s salt crystals. 


in the tire, Why is Mobr’s salt used in place of ferrous sulphate 
in the titrimetric analysis ? 

Ans. Mohr’s salt is a primary standard. Fe?+ ions do not 
get oxidized by atmospheric oxygen. 
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: 2.35, How does an aqueous solution of ferric alum or 
FeCl, stop blood coming out from a cut ? 


Ans. Blood contains certain negatively charged particles. 


Fe*+ ions neutralize these particles and thus help in coagulation of 
blood. Finally the blood clots. 


Q. 2.36. Aluminium hydroxide is insoluble in water but is 
soluble in excess of alkali. Comment. 


Ans. Due to the formation of meta-aluminate. 
_ AOH); +NaOH —— NaAlO, + 2H,0 
(Insoluble) (Soluble) 
Q 2.37. How does a double salt differ from a complex salt ? 


Ans. A complex salt does not furnish the ions of its consti- 
tuents when contained in solution whereas a double salt does. For 
example, K,[Fe(CN)o] does not give tests for Fe®* ions but Mohr’s 
salt solution gives the test for Fe?+ ions. 
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UNIT 3 


Sols : Preparation, Purification and 
Coagulation 


3.1. INTRODUCTION 


A colloidal system is always heterogeneous and consists of i 
least two phases : the dispersed phase (the phase eden tae a 
colloidal particles) and the dipersion medium (the medium 
which these colloidal Particles are dispersed). 


To name any system as colloidal, size of the dispersed aaa 
is the primary criterion. The various colloidal solutions (system 


are compared with true solutions on one hand and those of suspen- 
sions on the other. ‘ 


A true solution is a homogeneous mixture of dispersed phase 
and dispersion medium, e.g., sugar, table salt, etc., dissolve in wa 
and constitute (one Phase) true solution. Solute and the so veni 
cannot be separated into their original forms. Naphthalene in ben 
zene, soap in alcohol, efe., also constitute true solutions. 


A suspension is a heterogeneous mixture of a dispersed phase 
and dispersion medium, e.g., sand, powdered glass, etc., vue = 
behave as suspensions. Solute particles settle at the ou mae 
their large size. Solute and solvent can be separated easily by som 


: 2 : : FELY t 
Physical means. Clay in water, PbSO, in water, etc. also represen 
Suspensions. : 


The size of the particles which form true solutions is a i 
10-7 cm while the size of the particles which form suspens eae 
greater than 1074 cm. The intermediate state between these 
known as the colloidal state. 


. „Both the dispersed and the dispersion medium can be solid, 
liquid or gas, alth 


ough the most commonly occurring dispersions a 
those of solids in liquids (sols) and liquids in liquids (emulsions : 
Colloidal dispersions are thermodynamically unstable and cannot 
be readily reconstituted after the two phases have been separated. 
32; LYOPHILIC AND LYOPHOBIC SOLS 


_ Colloidal dispersions of Solids in liquids, i.e., sols are of two 
different kinds. in one Case the solid has an attraction for the 


(40), 


mr ü 
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liquid and disperses spontaneously in it. In the other case, the solid 
and liquid are not attracted to each other and the resultant sol rese- 
mbles the pure liquid in many of its properties, e.g., viscosity and 
surface tension. The former are called lyophilic (solvent loving) 
sols and the latter lyophobic (solvent-hating) sols. If water is 
the dispersion medium, they are termed hydrophilic and hydro- 
phobic sols respectively. 

_,. Sols of metals (e.g., gold and silver sols), metehydroxides, 
oxides and sulphides (e.g., arsenic sulphide sol), oils, fats erc , in water 
are examples of yophobic sols. These sols are easily precipitated 
on the addition of small amount of electrolytes, by heating or agita- 
tion. They are preserved by adding stabilizing agents. They are 
irreversible sols. 

Sols of starch, gum, aibumin, gelatin, ere. in water are exa- 
mples of lyophilic sols. There sols are quite stable, i.e., require no 
Stabilizer. Jn these sols, the dispersed phase is not easily precipita- 
ted because of strong attractive forces operating between the suspen- 
ded particles and the dispersion medium. After precipitation, they 
can be easily reverted to the colloidal state on shaking with the 
dispersion medium, They are reversible in nature. 


3.3. PREPARATION OF SOLS 


Colloids can be prepared by one of two general methods. 
(I) Dispersion methods 


___In these methods large particles are broken down to a colloi- 
dal size in the dispersing phase by some appropriate mechanicaj 
means, e.g., in a colloid mili or subjected to ultrasonic dispersion. 
These unstable solutions are stabilized with a stabilizer. 


There methods lead to aggergation as well as dispersion. 
Aggergation is effected by the mechanical forces used in the grinding 
process, and partly by the forces of attraction between the particles. 
The aggregation process can be reduced by addidg a solid, inert 
diluent, such as glucose. This can later be removed by dialysis. 

Sometimes the aggregates are dispersed to the colloidal state 
when shaken with water containing a very small amount of an elec- 
trolyte (called peptizing agent). This process is termed peptization. 
For example, the sol of AgCI can be prepared by peptizing it with 
either an aqueous solution of AgNO, or KCI. 


Sols of starch, gum or egg albumin can also be obtained by 
dispersion method. At times heating is also helpful in accelerating 
the dispersion, e.g., in the preparation of starch sol. 

(II) Condensation methods 

Through these methods, molecules or ions join together to give 
insoluble particles of colloidal size. Condensation can occur by 
physical or chemical means 
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Chemical methods 


dispersing medium. Insoluble product does not Coagulate but 
Temains dispersed as colloid. Some of the reactions generally invol- 


ved are oxidation, teduction, hydrolysis and.double decomposition. . 


Sulphur sol is Prepared by the oxidation of HS water using SO,. 
H,S(aq)+-SO.(g) > 2H,0+3S 
(Sol) 
Physical methods 


(i) By exchange of solvent : Phosphorus and Sulphur are 
highly soluble in alcohol but insoluble in water. Their colloidal 
sols can be prepared by pouring their alcoholic solutions drop by 
drop into water, Alcohol is removed by dialysis. A milky colloidal 
Solution of Phenolphthalein indicator results when its alcoholic 
Solution is poured into water. Such solutions are unstable, 


(ii) By change in physical state : Sols of mercury and sul- 


pur are produced by passing their vapours through cold water. 
Ammonium citrate is mixed to stabilize the solution. 


glucose, etc), Prussia 
the presence of starch, 


3.4, PURIFICATION OF SOLS 


Impurities Present in so] make the sol unstable. It is necessary 
to reduce their concentrations in 


Of sol may be effected by (i) dialysis or (ii) ultrafiltration. Dialysis 
Is the process of diss i 


The membrane is termed semiper- 
meable as it permits the Passage of one type of particles. The sol is 
filled in the membrane bag suspended in pure water (Fig. 3.1). 
It allows the small ions of dissolved electrolytes (or substances) to 
Pass through but retains the colloidal particles. It is a slow process 
which can be speeded up by using warm water. The dialysis can be 

by applying a potential difference across the 
membrane, Under the influence of electric field, ions Migrate at a 
much faster rate than ina simple dialysis. At times, the container 
is divided into three compartments. The middie Compartment 
(made of semipermeable membrane) is filled with sol and the other 
two are filled with pure water. ; 


ae 
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PARCHMENT 
MEMBRANE 


SOL,CONTAINING 
SODIUM CHLORIDE 


DISTILLED WATER 


Fig. 3.1. Purification of sol by dialysis. 


but not the colloidal particles. An ordinary filter paper impregna- 
ted wit. colloidion or gelatin solution serves the purpose. Sintered 
glass, unglazed gorcelain, efc., can also be used as ultrafilters. Ultra- 
filters of different pore sizes help in separating fractions containing 
particles of different sizes. Slime.on treating with water disperses 
spontaneously to give a sol. 


3.5. COAGULATION OF SOLS 


Neutralization of the charges on the colloidal particles of-a 
lyophobic sol results in the aggregation or coalescing of the particles 
to form a -visible precipitate, the phenomenon being known as 
coagulation. High conceatration of electrolytes is effective in neu- 
tralizing the charge on the colloidal particles, i.e., in aggregating the 
particles and hence in coagulation. The principles governing the 
coagulation of sols by electrolytes are contained in the Hardy- 
Schulze law which states that : 


(i) the coagulation of colloidal particles is brought about 
effectively by the ions carrying opposite charge to that of colloidal 
particles. 

(ii) the coagulating power of an ion increases appreciably with 
increase in charge on ions causing coagulation. 

Thus a positive sol like ferric hydroxide sol is coagulated by 
anions like NOs”, SO,*7, etc. and a negative sol like As,S5 sol is 
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coagulated by cations like K+, Ba”, Al*+, ete. 
which cotain particles of opposite charges 
amounts mutual precipitation Tesults, 


3.6. EXPERIMENTS 
Experiment 3.1. 


When two sols 
are mixed in equivalent 


To prepare a Sample of gum sol. 


Apparatus, Beakers (250 mL), conical flask, glass rod, tripod 
stard, wire guaze, burner, etc » Pestle and mortar. 


Chemicals, Gum arabic, distilled water. 
General, Gum furnishes stable hydrophilic sol with water. 


Procedure. Take 5g of gum arabic in mortar and grind it 
Well with pestle, Transfer the powdered sample to a 250 mL beaker. 
Now add about 50 mL hot water. Stir the contents with a glass rod, 
Until the powdered gum disperses well into water. If needed add 


More of distilled water and heat. Filter the contents through a 
filter Paper. Store the sample of sol. 


l Frecantions, l. Apparatus used be well cleaned preferably steam 
cleaned. 


2. Sample should be in the powdered state. 
Experiment 3.2. To prepare a sample of egg albumin sol. 


Apparatus. Same as in Experiment 3.1. 


Chemicals (or materials), 2 eggs, distilled water. 


General. Egg albumin disperses well into water and forms 


hydrophilic Sol. It is quite stable and is not affected by electrolytic 
Impurity, 


Procedure. Take the e break their shells by striking 
Sently against the hard aen and. br the end of a spatula or 
spoon. Pour the Colourless liquid along with yellow yolk EOE 
beaker. Decant off the colourless liquid known as egg albumin 
carefully into another well cleaned beaker. 


) Now start addi slear liquid of Jbumin in small 
instalme, Tt adding the clear liquid of egg a 


ts to distilled water (~ 50 mL) contained in a beaker with 
ee stirring. Filt 


er the sol through a filter paper and store 
it well, 
Precautions l. The o i f addi Ibumin to 
ba ite eration of adding egg album 
Water should take at least 30 min, 


3 a Only cold distilled water should be used. In hot water 
coagulation of egg albumin takes place. 


Experiment 3.3. To prepare the sample of starch sol. 
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Apparatus. As given in Experiment 3'1. 

Chemicals. Starch, distilled water. 

General. Starch is an intrinsic colloid. It disperses well into 
hot water. Its sol is quite stable. ‘ 


Procedure. Take 1 g of starch powder in a mortar. Adda 
few mL of distilled water and make a fine paste using pestle. 


Now pour the paste (preferably after taking into a beaker) along 
the glass rod into about 100 mL boiling water contained in a 250 
mL conical flask (Fig. 3.2). Boil the contents for about 2—3 min 
and allow to get cold. Label the contents at ‘starch sol.’ 


Precautions. 1. Use thoroughly cleaned glass ware (Fig. 3.3). 


2. Only a fine paste of starch should be added to boiling 
water. 


Fig. 3.2. Preparation of starch sol. 
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RUBBER 
PACKING 


2s | 
Fig, 3,3, Cleaning of a vessel by steaming out process, 


Experiment 3:4. To 


purify the sample of starch sol contain- 
ing sodium chlorid i 


€ as impurity. 
Apparatus, A funnel w 


ith a long stem, 400 mL beaker, 

cellophane or Parchment paper, test tubes, dropper, etc. 
Chemicals, Starch sol 

nitrate soluti 


ini z i ilver 
containing sodium chloride, sil 
on and iodine solution, 
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General. The basic principle of the purification of sols by 
dialysis is that the colloidal particles do not pass through the 
cellophane or the parchment paper as they are bigger in size whereas 
the molecules or ions of the electrolyte (NaCl) being small in size 
pass through. ` 


Procedure. Fold the parchment paper in such a way as it 
assumes the shape of bag and fix it on to the stem of a funnel with 
the helo of thread. Now fill the parchment bag with impure 
starch sol to it 2/3 capacity. Immense the bag into distilled water 
contained in a beaker (Fig. 3°1). Change the water at Tegular 
intervals. 


Take out a few drops of water with a dropper ina test tube. 
Add a few drops of iodine solution. In case, blue colour does not 
appear, the water is starch free. | . 


Again take out a few drops of water from the beaker with a 
dropper in a test tube. To it add AgNO, solution. A white turbid 
solution due to AgCI ensures the presence of Cl- ions. 


Chloride ions migrate from starch sol by diffusion through the 
parchment paper. In other words, we may conclude that Na+ and 
Cl’ diffuse through the parchment paper. : 


As a result, the starch sol becomes free of Nat and Cl jons. 


Experiment 3.5. To prepare ferric hydroxide sol. 


Apparatus. Conical flasks (250 mL), boiling test tube, drop- 
per, glass rod, wite guaze, etc. A 


Chemicals. Ferric chloride solid, distilled water. 


General. Ferric hydroxide sol is hydrophobic in nature. 
We know that ferric hydroxide does not disperse in the water 
thoroughly. It is prepared by condensation method. Condensation 
is effected by hydrolysis. 


FeCl, (aq) > 3H,O(1) > Fe (OH), (s) + 3HCI (aq) 
o 


Fe(OH), molecules undergo agglomeration to give particles 
of colloidal dimensions. These particles adsorb Fe®* ions from the 
solution and thus, acquire positive charge. Due to the presence of 
these positive charges, particles are repelled from one another and 
thus they never approach close enough so as to coalesce and get 
precipitated. As a result, the sol. becomes stable, 


Procedure. Clean the glass apparatus, viz., conical flask, test 
tube, ete. with the steam jet as suggested in Fig. 3.3. 


Prepare ~10 mL saturated solution of ferric chloride in 
distilled water. Now start adding ferric chloride solution drop by 
drop with the help of a dropper to the boiling water (~ 100 mL) 
contained in a conical flask until a deep wine red sol of ferric 
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chloride is obtained. Heat the contents for sometime to ensure the 
complete hydrolysis. 


The rod sol of ferric hydroxide contains hydrochloric acid as 
an impurity. It can be removed by dialysis process using a parch- 
ment or cellophane bag as discussed in Section 3.4. 


Precautions. ne) Ensure about the cleanliness to apparatus 


to prevent the coagulation of sol Jonic impurities help the pro- 
cess of coagulation. 


(ii) Ensure the removal of HC!, otherwise it may restabilize 
the sol. 


Experiment 3.6. To prepare aluminium hydroxide sol., 


Hint, Aluminium hyroxide sol is also hydrophobic in nature. 


It is obtained by adding a saturated solution of aluminium cholo- ' 
tide to boiling water. 


AICl,+3H.0 > Al(OH),+3HCI 
(Sol) 


The other details are as given in Experiment 3.5. 
Experiment 3.7. To prepare a sample of arsenic sulphide sol. 


___,“PParatus. Two 400 mL beakers’ 400 mL conical flasks, 
Kipp’s, apparatus, burner, etc. 


Chemicals. Arsenious oxide (As.Os), distilled water, iron 
pyrites, dil H,SO,. 


General. As,O, (aq)+H,S(g° > A: ‘Ss (aq) + 3H,0 (1) 
(so 


Procedure. Clean the glass apparatus by a steam jet. Now 
put 1.0—1 5 g to As,O, in ~ 250 mL distilled contained in a 400 
mL beaker. Heat the contents with consiant stirring until the entire 
amount of arsenious oxide dissolves. Stop heating and cool the 
solution. If the solution is not clear, filter and pass H,S gas through 
the solution. Pass HS gas until the opalescent solution assumes 
yellow colour. (Fig. 3.4). Continue to pass H.S gas until the solution 
assumes permanent yellow colour and the intensity does not change. 


Now pass CO, or H, gas through the turbid yellow liquid to 
remove excess of HS. The gas is passed for such a time until the 
escaping gas does not turn lead acetate paper black. If 1/,S gas 
isnot removed, a partial precipitation of the so! may occur. 

Filter the sol through a fiuted paper and collect the sol in ~ 
another beaker 

_ Dialyse the sol by using a parchment paper as described in 
Section 3.4 and Experiment 3.4. 
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RUBBER TUB 
H,S GAS " S 


WATER As,O, SOLUTION 


Fig. 3.4. {Preparation of AS,Ss sol by passing H:S gas through 
AS,O solution. 


Precautions. (i) Glass apparatus should be; washed thoroughly 
with steam jet. 


(ii) HS gas should be passed after passing through water trap 
to free it from the impurities from:Kipp's apparatus. 


Experiment 3.8. To compare the precipitating powers of 
sodium chloride (NaCl), barium chloride (BaCl,) and aluminium 
chloride (AlCl) for precipitating negative arsenious sulphide 
(As2S;) sol. 


Apparatus. Test tubes with stoppers, burettes, test tube 
stand. 


Chemicals. As,S, sol sodium chloride, barium chloride 
aluminium chloride, distilled water, erc. 


General. The precipitating power of .an electrolyte is the 
minimum.number. of milimoles of it present in : one litre of the sol 
and just sufficient to cause coagulation of a sol. This amount of 
electrolyte is called its coagulation value. The amount of an elec- 
trolyte required to coagulate a fixed amount of sol depends upon the 
charge on the ion responsible for coagulation. 

As arsenious sulphide sol is negatively cha: i 
precipitated by positively charged ions, hee anole Nat ve 
NaCl, Ba®tin BaCl, and Al’ in AICI,). According to the Harda 
Schulze law, the higher the charge on the ion, the higher ae 
precipitation value. Thus, the precipitation values of ‘thes iene 
for arsenious sulphide sol are in the order of Al?+ > Ba2+ NG 


In view of the Hardy-Schulze law the solutio: 8+ 
be of low concentration as compared to Ba?t Sea ae eae 
of Batt should be of low concentration as compared to Nat that 
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Procedure. Wash the test tubes and other apparatus thorough- 


ly with usual washing reagents followed by steam jet. Label them 
1 to 30. ; 


Prepare the solutions of NaCl, BaCl,.2H,O and AICI,.6H,O 
as suggested below : 


Electrolyte At, mass Required molarity Amount 
required i. 
NaCl 58.5 “01M 5.85 g/L 
BaClz.2H,O 244.44 0.005 M 1,22 g/L 
AICl3.6H,O 241.5 0.002 M 0.483 g/L 


Now take test tubes labelled 1, 2, 3------10, and place them in 
a row in a test tube stand. Now take two burettes and fill one of 
them with distilled water and the other with 0.1 M NaCl solution. 


Measure out different volumes say 1, 2, 3,.-----10 mL of 0.1M 
NaCl solution in test tubes labelled 1, 2, -----10 respectively. Make 
up the total volume 10 mL in each of them by adding distilled water. 


Now add 5 mL of freshly prepared pure sample of As,S; sol 
Experiment 3.7) in each of the test tubes with the help of a burette. 
Stopper them and mix the contents in them by just inverting them 
(Fig. 3:5). Allow them to stand for about 30 min or more. 


Now examine each test tube against a dark background and 
mark the test tubes in which turbidity appears. Record the observa- 
tions as suggested in Table 3.1. 


Table 3.1 
© Test tube Volume of Volume of "Volume of Observations 
0.1 M NaCl distilled ASS, sol 
(mL) water (mL) (mL) 

; 1.0 9.0 5.0 ` 

z 2.0 8.0 5.0 | 

3 3.0 7.0 5.0 Appearance of 
y 4.0 6.0 5.0 turbidity is to 
> 5.0 5.0 5.0 noted. 

> W 4.0 5.0 | 

$ 7.0 3.0 5.0 | 

8 8.0 2.0 5.0 | 

> 9.0 ie A 

p 10.0 She on l 


Repeat the experiment in a similar manner by taking BaCl. 
2H,0 and AICl,.6H,0 solutions in test tubes marked as 11, 12,20 
and 21, 22,......30 respectively, 


At times it is difficult to judge whether the precipitation or. 
coagulation has started or not. This can be determined ‘by compar- 


51 


_ing the test tube containing the electrolyte and the sol with the one 
* which only!contains the sol. > 


mi i 
| 
STAGE STAGE STAGE 


Fig, 3.5. Inverting the sol to which electrolyte kas been added. 


Calculation. Let the volume of 0'1 M NaCl for precipitating 
the sol is =vmL? 


Number of moles of NaCl present per mL= Sr 


l ‘a 
- or Number of milimoles of NaCl present per mL= oar x 1000=0°1 


Number of milimoles of NaCl present in v mL of NaCl solu- 
tion =0.1xv 
Sith lalla £ 0.1 xvx 1000 
precipitano 8) X72 59 10 (volume of mixture) 


Note. The experiment can also be performed by taking 5 mL 
of arsenious sulphide sol in a conical flask and adding dropwise 
NaCl or BaCl, or AlCl, solution from the burette. Initially tbe 
solution will be clear, then it starts becoming turbid and finally 
becomes opaque with the setting of the As,S, precipitate. The 
minimum volume of the electrolyte required to prcipitate As.S, 
sol is noted and the precipitation value is calculated. $ 


Similarly, the precipitation values can be determined and com- 
nared with other electrolytes. 5 
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‘Result. ‘On comparing the precipitation power or value of 
NaCl, BaCl,.2H,O and AICI,.6H,O, the trend is found to be 


AICI; > BaCl, > NaCl. 


Precautions.. (i) Note the appearance of turbidity in each 
test tube.afteria specific interval of time as the precipitation of sol 
depends upon time also. 


(ii) It isadvised to look vertically down the tube to find the 
precipitation accurately. 


The mixing of sol with the electrolyte solution should be done 
by slowly inverting the test tube only. 


ORAL QUESTIONS AND ANSWERS 


Q..3.1. What is the difference betweena true solution and a 
colloidal:solution ? 


Ans, “Sugar or common salt when dissolved in water forms 
a homogeneous mixture known as a true soluiion. It is a one : 
phase system. The solute particles are invisible, do not settle down 
on standing:and pass through a filter paper, parchment paper or an 
animal membrane, 


Ina colloidal:solution, the ‘colloidal particles are found dis- 
persed in a dispersing phase. It is always a two-phase heterogeneous 
system. The solute particles can only be seen through microscope. 
They diffuse through a parchment membrane. 


Q. 3.2. Define lyophilic and lyophobic sols. 


Ans. Collodial particles having strong affinity for the disper- 
sion medium constitute lyophilic sols, e.g., starch gelatin, goce: 
proteins, etc. and còlloidal particles -with apparent aniy Saj; 
dispersion medium constitute lyophobic sols e.g., sols of metals, 
metal hydroxides and metal isulphides. 


(For details refer to Pathways of Chemistry, Vol. 2 by Dr. D.P. 
Goel p. 749 and 750). ; 


.Q. 3'3. “What is the size of particles in true solution, colloidal 
solutiomand: Suspension ? 


Ans. True solution 1.0 nm 
Colloidal sctution range from 1.0—100 nm 


‘Suspension tange from 100—500 nm 
hole Q.3.4. Classify. the following into lyophilic and lyophobic 
(i) Gum sòl, (i) Fe (OH) iti): 1, (iv) As,Sa sol. 
and (v) AOH), sol (OH), sol, (iii) Starch sol, (i Sa 


Ans. Lyophilic é Lyophobic: 


gum sol Fe(OH), sol, AsgS, sol 
starch sol Al(OH), sol 
Q.3.5. What is the:charge on Fe(OH), sol ? 
Ans. Positive. 


Q. 3.6. Differentiate between sol and emulsion. 

: Ans. Sol is a colloidal solution in which solid is the dispersed 
phase and liquid is the dispersion medium, e.g., As,S, sol. In an 
Paulson, both the dispersed phase and dispersion: medium: are 
iquids. 

Q. 3.7. State a few reasons for the origin of electric charge 
on colloidal particles: 

Ans. (i) Frictional electrification is caused by mutual rubbing 
of particleswith molecules of dispersing phase. This-sort of friction 
appears to be responsible for the!charges over particles. 

(ii) At times particles capture electrons from air and during 
electrodispersion method (Bredigs’ Are method). 

(iii) Preferential adsorption of ions common to the particles 
from the solution phase. j 


(iv) Dissociation of surface molecules. 


(v) Dissociation of molecular electrolytes adsorbed on the 
surface of particles. 

Q. 3.8. Why do adsorbed charges on colloidal particles act 
to prevent coagulation and precipitation of colloidal particles ? 

Ans. All the particles in a particular colloidal dispersion 
carry the same charge, so the particles repel one another and do 
Not coalesce into-particles large enough to precipitate from the 
Suspension. 5 

Q.3.9. Frequently a preparation ofa colloid, such as a: pro- 
tein can be made more stable if the protein is dialyzed. Why is 
this so ? ` 

Ans. This is because dialysis helps in: removing: undesirable 
ions from a colloidal preparation in order to stabilize the:colloid, 

Q. 3:10. Give examples of positively‘and negatively charged 
sols. 

Ans. Positively charged sols 

Fe(OH), Al(OH),, TiO2, proteins in acidic solution? 


Negatively charged sols 
Metallic'sols of Au, Ag, etc. 
Sulphur, As2Ss, Gum egg albumin and starch sols. 
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Q. 3.11. What will happen if an electrolyte is added to 
Fe(OH), sol? Me ji 
Ans. The sol will be precipitated, because it is hydrophobic. 


Q. 3.12. Do colloidal particles separate from a sol on filtering, 
centrifuging or standing ? 


Ans. No. 

Q. 3.13. What is the order for precipitating action of cations 
e.g., Nat, Ba2+, Al3+ on negatively charged As2Sz sol. 

Ans. It is in order.of Al8*>Ba?* > Nat. 

Q. 3.14. Name the methods employed in preparting the sols. 

Ans. Condensation and dispersion methods. 

Q. 3.15. What is peptization ? 


Ans. Peptization is the process by which certain substances 
(formed as a result of accumulation of colloidai size particles) are 
dispersed to the colloidal state when shaken with water containing 


very small amount of an electrolyte which acts as the peptizing 
agent. 


Q. 3.16. How does a colloidal solution acquire stability ? 


Ans. It is because of setting up of a electrical double layer 
between the colloidal particles and the solution. 


$ Q. 3.17.. Name the process generally used for the purifica- 
tion of sols ? i 


Ans. Dialysis. 


Q. 3.18. What is meant by ‘dialysis ? Is dialysis a slow 
process ? 


Ans. The phenomenon of purification of sols by pasane 
through a semi-permeable membrane is known as dialysis. 
Yes, it is a slow process. 
< Q.3.19. What is the special characteristic of paper used in 
dialysis? Name iwo such papers. 
Ans. It permits only the electrolyte to pass through it ene 
does nut allow 


tae (assage of colloidal particles. Parchment and 
cellophane paper. 


Q 3.20. Does dialysis carry any significance in daily life 2 


Ans. Kidney in our body functions on the principle of dialysis. 
Sewage disposal also works on this principle. 


, 3.21. Comment on the diffusion of colloidal particles 
through parchment bag. 


fs 
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Ans. Colloidal particles, being larger in size than the pore’s 

size of parchment paper, do not diffuse through parchment bag. ~ 
_3.22. Comment on the colloidal particles always being 
found dispersed in colloidal solutions. 

Ans. In lyophilic colloids the strong interaction between the 
dispersed. phase and dispersion medium makes them stable. The 
lyophobic colloids, generally carry charge. It is the repulsion between 
the charged particles that make them stabie. 

Q. 3.23. Which of the two sols: lyophilic or lyophobic is more 
stable ? 

Ans. Lyophilic. 

Q. 3.24. What is coagulation ? 

Ans. Itisa process of changing the colloidal state into a 
large sized particles which finally settle down as a precipitate. 

. 3.25. Why do colloidal particals remain suspenced in 
colloidal solutions ? 

Ans, The colloidal particles remain suspended in colloidal 
solution because of the following properties of colloidal particles. 

(i) They are electrically charged. 

(ii) They have a small size. 


Q. 3.26. -How are colloidal solutions coagulated ? 


Ans. When colloidal particles come closer due to some reason, 
there occurs the coagulation of colloidal solutions. 

_ Coagulation can be caused by heating and shaking the sols 
vigorously. Addition of an electrolyte also helps in the process of 
coagulation as it neutralizes the charge on the colloidal particles. 
Generally ions with opposite charge to that of colloidal particles are 
used. Ions with higher charges are more effective. 


Q. 3.27. Do colloidal particles carry any charge ? 
Ans. Yes, colloidal particles carry either -ve or —ve charge, 
but colloidal solutions are neutral. K 
Q. 3.28. How is the nature of a charge of a sol determined ? 
Ans. By electrophoresis technique. 
.3.29. Why does a sol get coagulated, when brought into 
contact with an electrolyte ? ‘ 


Ans. When an electrolyte is added to a colloidal system, ti 
he charge on the colloidal particles and causes them to 


tralizes th BOs ini 
AE and grow in size to form a precipitate, thus coagulating 
the sol. 
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Q. 3:30. What do you understand by the precipitation value 
of an electrolyte? 


Ans. The precipitation value of an eleetrolyte for: a specific 
solis the minimum number of millimoles of the electrolyte pre- 
sent per litre of the total solution of the ‘sol’ and the electrolyte, 
which is just enough to initiate the process of coagulation. 


Q. 3.31. While determining the precipitation value of different 
electrolytes, vigorous shaking is not advised. Comment. 


Aus. Vigorous: shaking causes:the precipitation of the: dis- 
persed particles much faster. 


Q 3.32. What is Hardy-Schulze rule ? . 
Ans. The rule states that the precipitation power of, an 


electrolyte depends upon the magnitudes of charge on a ion carrying 
an opposite charge to that-of the dispersed’ phase. 


Q. 3.33. If colloidal particles carry a positive charge, what 
will be charge on the particles of the dispersion medium ? i 

Ans. The dispersion medium has an equal and opposite 
charge to that of colloidal particles. and thus makes the system 
neutral as a whole. For example, if colloidal particles have +ye 


charge, the particles of the dispersion medium will have the —ve 
charge each. : 


ewe . = f 

Q. 3.34. In which order does the precipitating action 0 

ions: CIT, SOg> and PO, on: positively: charged Fe(OH) sol 
occur ? 


Ans. In the order of PO- > SOs” > CI. 

Q. 3.35. Colloidal:solutions are always) neutral. aee 1 

Ans. Colloidal solutions: are: always neutral. Bul cok SEE, 
particles carry either +ve or —ve charge: whereas the dispe: 


medium carries equal and opposite charges. Therefore,. the NSVeIgS 
as a whole is eléctrically neutral, 


Q. 3.36. What is a protective colloid ? ra toa 
. Ans. On adding a small quantity of a Iyophie Fe toci: 
lyophovic sol the later can be made more stable towards p Aa 
pitating action of electrolytes. The lyophilic sol used is known 
Protective colloid, 


- 3.37. Name a substance which can form positive as gei 
as negative colloids. 


Ans. AgCI. Whe i t in.a solution of AgNOs, it 
attracts Agt gCl. When AgCl is present in,a so 


: ions giving positively charged particle, whereas in a 
solution of KCI it attracts CI“ ions giving negatively charged 
particles. 
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UNIT 4 


Emulsions : Formation and the 
Role of Emulsifying Agents 


4.1, INTRODUCTION 


, Colloidal state is not limited to dispersions of solid particles in 
aliquid medium; it also includes the dispersions. of liquids in 
liquids. Such dispersions are known as emulsions. Any two liquids 
which are immiscible. with each other can form emulsions. For 
example, milk is an emulsion in which the particles of. liquid fat 
are suspended in water: The. dispersed phase is always in the 
form of small droplets. The droplets present in emulsions are some 
what larger than the suspended. particles in sols. 


Emulsions are of two types, 


(i) Oil-in-water type. In such emulsions, the oil constitutes 
the dispersed phase whereas water is the dispersing phase. Milk 
and vanishing cream belong to this class of emulsions. 


(ii) Water-in-oil type. In such emulsions, water is the dis- 
persed phase whereas oil is the dispersing phase. Butter and cold 
creams are.two, common examples of this type of emulsion. 


4.2.PREPARATION OF EMULSIONS AND: THEIR STABILITY. 


The process of makingjan emulsion is known as emulsifi- 
cation. An emulsion may be prepared by shaking together two 
immiscible liquids vigorously. The process of agitating breaks one 
liquid into droplets of colloidal dimensions which in turn’ are dis- 
persed through the body of the other liquid. The droplets of 
dispersed liquid tend to flocculate forming clusters of droplets which ` 
are too large to’remain in the dispersed condition. -As‘a result, the 
two liquids soon separate into two layers. Sometimes, a mixture of 
two liquids is subjected to ultrasonic vibrations. Emulsions are 
generally unstable. They may be stabilized by adding some emul- 
sifying agent or emulsifier. These emulsifying agents decrease the 
surface tension of the two liquids, and thus, the tendency. of the tiny 
droplets to coalesce and form aggregates is reduced. 


{ 57) 


58 


The emulsifier forms a protective film at the oil-water interface 
and thus prevents breaking of the emulsion. Figure 4.1 shows the 
role of an emulsifying agent in stabilization of an emulsion. Most 
of the emulsifying agents contain both polar groups (e.g., 
COO- Nat, —SO;~ Nat) and non-polar groups (e g., hydrocarbon 
chain). The non-polar end being hydrophobic dissolves in the oil 
and the polar end being hydrophilic dissolves in water. 


EMU LSIFIER—~__ 


WATER——. 
HYDROCARBON 
CHAIN 

POLAR GROUP ——__— 


Fig. 4.1. Action of an emulsifier, 


Soaps and detergents 


are the commonly employed emulsifying 
agents. Among other stabi 


lizing agents include proteins, gum, agar, 
etc. The emulsifying properties of Soaps and detergents have impact 
in washing of clothes and crockery. They owe their cleansing 
ability to the structures of their mclecujes which allow them to 
assume the role of emulsifying agents between dirt, grease or oil and 
water. The dispersed particles of Soap adsorb (emulsify) fine parti- 
cles of dirt and forma protective film about them. Thus, the dirt 
Particles are held in suspension and are washed away. 


Casein stabilizes milk, the oil-in-water emulsion. 


Emulsification helps in the digestion of fats in the intestines. 
Intestines also contain some alkaline solution, A small amount o 
fat reacts with alkaline solution forming a sodium soap which 
emulsifies the remaining fat, and thus, digestive enzymes are helped 
by emulsification in carrying out their metabolic functions. 

4.3, EXPERIMENTS 


Experiment 4.1. 
a number of oils in torm 


Apparatus. 25) mL five Stoppered bottles, 5 mL, 25 mL and 
100 mL measuring cylinders, and a` stop watch. ` 

‘Chemicals. Coconut oil, ground nut oil, kerosene oil, mus- 
tard oil, castor oil, i Per cent soap solution and distilled water- 


ing emulsions. 


To study and compare the effectiveness of | 
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General. ‘All oils do not form emulsions with water with ‘the 
sama ease as the ease of formation of emulsions depends upon the 
physical properties and chemical constitution of the oils. 


Procedure. (i) Take five stoppered bottles and wash them 
thoroughly with distilled water followed by steam jet. Dry them in 
electric oven. Label these stoppered bottles as 1, 2, 3, 4 and 5. 

(ii) Using a 25 mL measuring cylinder, measure out 1 mL of 
each of the five oily substances in five different bottles. 

(iii) To each bottle, pour 100 mL distilled water with the help 
of the 100 ml measuring cylinder and 5 mL of 1% soap solution with 
the help of a measuring cylinder. ~ 

(iv) Stopper all the bottles tightly. Shake the contents 
vigrously say 40 shakes per bottle to ensure complete mixing. 


(+) Observe the appearance of emulsions. Now allow these 
bottles to stand and record the time for breaking up of the emul- 
sions in all the five bottles as suggested in Table 41. 


Observations 
Table 4.1 
Bottle . Oil _ Volume of Volume of Time taken 
No, Name Volume (mL) water soap for separa- 
(mL) solution ration of two 
i (mL) phases (min) 
1 Coconut, 10 100 5 
2 Ground nut, 10 100 5 
3 ` Kerosene, 10 100 5 
4 Mustard, 10 100 5 
5 Castor, 10 100 5 


7 Result. The oil which takes the maximum time for separa- 
tion from its emulsion is the most effective in forming emulsion. 
_ Experiment 4.2. To study and compare the effectiveness of 
various emulsifying agents in imparting stability to an emulsion. 
Apparatus. 100 mL four stoppared bottles, 5 mL and 50 mL 
measuring cylinders, stop watch. 
Chemicals, Castor oil, 1.0 per cent solutions of each sodium 
oleate, sodium palnitate, gelatin and egg albumis, distilled water. 
General. An emulsifier changes the interfacial tension bet- 
ween oil and water and gets.trapped. in the interfacial region. lt 
makes a protective film round the dropiets and prevents their 
coalescence, îe., stabilizes the emulsion. Different emulsifying 
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agents, however, vary in. their powers in lowering the. interfacial 
tension between the dispersed phase.and dispersion medium. 


Procedure. (i) Wash the bottles thoroughly with water follow- 


ed by steam jet. Dry them in an electric oven. Label these 
bottles as 1, 2, 3 and 4. 


(ii) With measuring cylinders, pour 5 mL castor oil and 20 mL 
distilled water into each bottle. 


(iii) Add 2 mL of 1.0 Per cent sodium oleate solution to bottle 


no. 1. Shake the contents vigoursly for 2 min. Observe.the formation 
of emulsion. Allow. it stand. ; 


(iv) Determine the time from the moment of rest to the 
moment the emulsion completely breaks, i.e , the separation of two 
layers (oi} and water). 

(v) Repeat the operation with the remaining three bottles 
by adding. 1 mL, of sodium palmitate, gelatin: and egg: albumin 
Solutions to bottles 2, 3 and 4 Tespectively, 

(vi) Tabulate the observations as suggested below. 

Observations 


a Table:4.2 
Bottle Volume of Volume of Emulsifiers Time taken 
oil ‘water Name Volume far separa- 
(mL) (mL) (mL) tion of two 
layers (min) 
D = West 20.0, Sodium 2.0 
oleate 
Diy 5.0 20.0 Sodium 2.0 
palmitate 
3 5.0 20.0 Gelatin 2.0 
4 5.0 20.0 Egg 2.0 
albumin 
Result. 


7 The emulsifier, in the Presence of which any emul- 
Sion. takes maximum time to get separated into two layers, is consi- 
dered to be the most effective in stabilizing the emulsion. 


ORAL QUESTIONS AND ANSWERS: 


Q. 4.1. What is an. emulsion ? 

Ans. It is a type of colloidal system in which. both: the dis- 
persed phase and the dispersion medium are immiscible liquids. 

Q 4.2, What are the different ty; 


pes of emulsions ? 
Ans. Qjl-in- 


Water emulsions and water-in-oil emulsions: 


ins 
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An‘emulsion in: which water forms the dispersion medium and 
oil droplets are dispersed is called an oil-in-water emulsion. An 
emulsion in which oil forms the dispersion medium and water 
droplets constitute the dispersed phase is called water-in-oil 
emulsion. 

Q. 4.3. How will you detect the type of .an emulsion ? 

Ans. The:following tests are employed : 

(a) Dye test: Shake an oil-soluble dye with the emulsion 
under investigations. Then, take a drop of it and examine it 
under a microscope. If the drop is coloured, the emulsion is of oil- 
in-water type. 

(b) Spreading test. Place a drop of an emulsion’ on an oi! 
surface. If it spreads easily, the emulsion is water-in-oil type. 


Q. 4.4. Classify the following emulsions into water-in-oil 
and oil-in-water type ‘emulsions : 


(i) milk, (ii) cold cream (iii) butter, (iv) vanishing cream, 
(vy) mayonnaise. 

Aas. Water-in-oil emulsion: butter, cold cream 
Oil-in-water emulsion : Milk, vanishing cream mayonnoise. 

Q. 4.5. Which of the two oil and water has greater surface 
tension in water-in-oil emulsions, and why ? 

Ans. Water. Water has greater tendency to form spherical 
droplets andigive water-in-oil emulsions. 

Q. 4.6. What is emulsification ? 

Ans. Emulsification is the process of producing emulsions. 

Q. 4.7. What is an emulsifying agent or emulsifier ? 


Ans. It is a substance which is added during emulsification to 
stabilize an emulsion. 


Q. 4.8. Give some examples of emulsifying agents ? 

Ans, Soaps, detergents, proteins, agar, gum, egg yolk, etc. 

Q. 4.9. What would happen if emulsifying agents were not 
added in emulsions ? 

Ans. In the absence of emulsifying sagents, the dispersed 
droplets of the dispersed liquid will soon coalesce into larger glo- 
bules and separate from the dispersing medium. 


Q. 4:10. How does soap act as an emulsifier ? 


Ans. A soap lowers the interfacial tension by orienting bet- 
ween water and oil. The non-polar chain of the soap molecule is 
attracted to the non-polar oil while the ionic head (hydro philic) is 
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attracted to the water phase. The oil droplet thus becomes surro- 
unded by an ionic layer which prevents their coalescence. 


Q. 4.11. Comment:on the role played by an emulsifier in the 
stability of emulsions ? 


Ans. It formsa pro.ective film around every drop of a 
dispersed phase and this prevents these drops from gea ecence ane 
consequent separation into two layers. It reduces the interfa 
tension between the two immiscible liquids. 


Q. 4.12, What is Bancroft rule ? State its uses ? 


Ans. According to this Tule, the phase in which the emulsifier 
(or stabilizer) is mor 


e soluble becomes the outer phase. 

The rule is heepful in- deciding the type of emulsion. i 
example, soaps, gelatin, etc., which are insoluble in hydrocar ie 
but soluble in water give oil-in-water type emulsions. On the o Hi 
hand, heavy metal soaps (e.g., Ca. Al Oleate) which are more souble 
in hydrocarbons than water yield water-in-oil type emulsions. 


Q. 4.13. Comment Anlkali metal soap forms an oil-in-water 
type emulsion ? 


Ans, An alkali metal soap, (e 


interfacial tension at the water-soap film interface than at oil-soap 
film interface. The liquid, e.g , oli 


1 ve oil, whose interfacial tension 
with soap film is greater rolls into drops and produces an oil-in- 
water type emulsion. 


:&-, Sodium oleate) causes lower 


Q. 4.14. Both calcium and magnesium oleate produce water- 
in-oil type emulsions comment ? 


: ; : ‘acial 
Ans, Calcium and Magnesium oleates cause a lower interfacia 
tension at the oil-soap film i 


- G e 
nterface and produce a water-in-oil typ 
emulsion. 


ing the 
Q. 415. What type of emulsion is obtained by adding 
following to a mixture of oil and water : 


(a) Gelatin and (b) Aluminium oleate. 

Ans. (a) Write in oil type (b) oil in water type. iecible 

Q. 4.16. Will you get an emulsion by mixing {wo misci 
liquids ? 


Aus. No, only a solution will be obtained. 
Q. 417. What is demulsification ? 


Ans Itisa Process of bre: 
phases, Thj 


aking an emulsion into two separate 
e is can be brought 
freezing th 


about by centifuging, boiling and 

© emulsion, Electrostatic precipitation and certain ener: 

cal reaction are also helpful. All these devices destroy the emulsi- 
fiying agent. 


Be 


` UNIT 5 


Rate of Reaction : Effect of 
Concentration and Temperature 


` 5.1. INTRODUCTION 


The meaning of rate. It is faster to use the lift, slower to 
use the stairs The word fast and slow both describe the rate of 
going up or coming down. Rate is a measure of the ‘change’ that 
happens in a single unit of time. The unit of time can be a second, 
a minute or an hour. Many different rates of change are used in 
everyday life. A few examples are listed in Table 15.1. 


Table 15.1. Some everyday experiences with 
rates of change ' 


Example ‘ E Rate 
1. Going to school by bus 30 kilometers per hour 
(kmph) 
Going to school by train 60 kilometers per hour 
(kmpb) 
2. Playing a long playing (LP) 30 revolutions of the turntable 
record per minute (rpm) 
Playing a single 50 revolutions of turntable per 


minute.(rpm) 


3. Pouring petrol from a hand 50 mL per second 
operated pump 
Pouring petrol from a elec- 500 mL per second 
tricity operated pump 


Rate of Chemical Change 


In a chemical change, reactants change to products. Chemical 
reactions vary enormously in speed. Some proceed slowly over a 
period of months (e.g., the rusting of iron); others take week to 
reach completion (e.g., the fermentation of alcohol) ; some reactions 
are very fast (e.g., neutralization of a strong acid and a strong 
base ; precipitation of insoluble salts) ; others are so fast as to be 
explosive (e.g., the reaction between hydrogen and oxygen). 
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The speed of a reaction is called ite rate. 


We have seen that different reactions occur with different 
speeds. In every Teaction, the concentration of Teactants decreases 
and the concentration of products increases with time. The speed at 
which a reaction, takes place:can be! expressed as'the :xate of reac- 
tion. The rate of a chemical reaction is defined as the change in 
Concentration of reactants or products per unit time. 


f Change in concentration 
SEAC OCON ALON 
Rate of reaction Time interval 


pC CS se (5.1) 
R ‘Time interval 

here C; and C; are the final and initial concentations respectively 

(cither reactant or product) . 

Now let us considera simple reaction 
R- +P 

i.e., reactant, R, changes into product, P, the :rate of this reaction 
n be calculated by substituting the concentration of either R or P 


at different interval times in the equation (5.1) on substituting these 
values in’ the equation 5.1, we get 


Rate=—RI—IRk ATR] 


Timeinterval — Ar 2) 
L PIIP are) 
or Rate AT N (5.3) 


On substituting the experimental Values (the rate of reaction 
is always determined experimently) of the concentrations, we find 


whenever the rate is expressed in terms of the concentration of 
Teactants, a minus Sign is always Put before the expression. 
This minus sign is because the concentration of the reactant de- 


creases with'time. ‘Thus, the correct expressions for expressing the ` 


rate of a reaction are 
Rates A[Reactant] 
oF Rate= 4 “lProduct] 


. Jf the concentration is expressed in moles per litre and the 
time in Seconds, the units of rate work be in mo! {-1s-1, 


Measuring Tates 


The next im ortant questi is: w ts 
estion is : nts of reactan 
or product t p q s: how can amoui 


Measured ? This is often not easy to answer. In 
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most of the reactions, reactants and products stay all mixed up, and 
in the same state. 


In the reaction, 


NaOH(aq)+HCl(aq) ——> NaCl(aq)-+H,0(1) 
all the reactants and products are in the same state (or phase). This 
is called a homogeneous reaction. 


To separate one of them and measure the amount of it can be 
difficult. 


In this unit, we shall look onl: 
Products in a different state from the r 
is in a different sta 


amount of it can u 


y% at reactions that give a 
eactants. Because the product 


te (or differs in colour from the reactant, etc.) the 
sually be measured easily. 


Factors that affect rate of reaction 


We have seen that re 


actions move with different Speeds. The 
Tate of a reaction de 


pends upon the following factors : 
(2) concentration, (i) pressure, 
(») surface area, and (vi) catalyst. 

(i) An increase in the concentr. 


increase in the Teaction rate. Th 
Teactions, 


(iii) temperature, (iy) light, 


ation of reactants produces an 
is holds true for most of the 


on is a measure of the number of 
4 unit volume, an Increase in pressure (particularly if the 
Teactants are gases) leads t i i 


centration. This in 


yst, generally, j 
Monia from N, 


shall plan 
and tempe: 
5.2. EXPERIMENTS 


Experiment 5.1. T 
Tate of reaction between 
acid. 


S the rate of a 
A 2 1S catalyzed by 
a few experiments for study; 

Tature on the Tate of reacting = Big Seet pi 


reaction 


h seg., 
Now we iron, 


concentration 


O Study the effect of 
. Ci : 
Sodium thiosulphate gauttation ot 


e 
Ydrochloric 
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Apparatus. Beakers, conical flasks, burette, stop cock, measu- 
ting flasks, measuring cylinders, 


Chemicals. Sodium thiosulphate, hydrochloric acid, distilled 
water. 


General. The chemical Teaction between sodium thiosulphate 
and hydrochloric acid is 


Na,S;0,(aq)+2HCl(aq) —-> 2NaCl(aq)-+SO,(g)-+S(s)-+-H,0(1) 


or S207 -+2H+ ——> SOS THO 

; f pt.) f 
The rate of a chemical reaction is measured as the shango ot 
concentration of a reactant or product with time. ahus, 2 Clis 
Teaction, one could measure the rate at which Na,S.O3 or dto 
rousumed or the rate at which colloidal sulphur is precipitate ste! 
form a milky white Colloidal solution. However, the latter is a mor 
Convenient method 3 


From the rate expression, it follows that the higher the con- 
Centration of 830,27 i 


ions or H+ ions or both, the higher will ps the 
Tate of formation of the products. Accordingly the rate o 
reaction will decrease 


7 - + 
asthe concentration of either S207 or H 
will decrease, 
Procedure, (4) Varying the concentration of sodium 
thiosulphate 


(i) Prepare 250 mL | M HCl 
conc. HCI to 250 mL ina measuring 
be known by titrating it a 
Phenolphthalein as indicator 


Solution by diluting ~22 mL 
flask. The ‘exact molarity can 
Sainst standard NaOH solution using 


Using a burette, measure out 25 mL of dilute HCl in i 
beakers (100 mL). Put these beakers ina trough containing co 
water, 


(ii) Prepare 250 mL 0.5 M Na 
Usin, 


i 1 
©, measure out five different volumes say 25, 20, | s 


a solution in five conical flasks marked ae 
4and 5. Add distilled water in conical flasks marked 2, "a. Stata 
so that the total volume in each flask is the same. Put the F thie? 
a trough Containing cold water, The concentration of each 
now different. } 

(iii) Make a cross on a piece of paper, with a pencil. 6 

Put the paper under the flask no. 1 containing the Na,S.O, 
solution, so that you can see the cross through the liquid. : 

() Now pour the HCI solution into the Na,S,0; solution 
(flask no. 1), Start & stop clock at the same time, Swirl the solution 
in the flask. - 


25305 solution (31.0 g/250 mL). 
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(v) Determine the time from the moment of the addition of 
the HCI solution to the moment the cross completely disappears. 


(vi) As the cloudy suspension forms, it blots out the cross 
from view. Stop the stop clock the moment the cross completely 
disappears. 

(vii) Repeat the operation with the remaining four flasks. 

(viii) Plot a graph of concentration of Na,S,O, solution (this is 
to be calculated, or just use the volumes of NaSO; solution used) 
against time. The shape of graph will be as given in Fig. 5.1. 
Experiment and observations 


Acid concentration constant 


<a an aes ene 
REACTANT A 
HCl 


25 mL 25 mL 25 mL 25 mL 25 mL 
THIOSULPHATE CONCENTRATION DECREASES 


REACTANT B 


Na, 5,0, 


25 mL 20 mL 15 mL 


Water is added to keep the volume constant. 
Time taken for mark to disappear 


lh 


<> CROSSON 
PAPER 
VIEWED 
THROUGH 
A SOLUTION 


ty ty ty ta ts 
30s 37s 50s 758 150s 
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it means rate decreases as the time consumed for the cross to dis- 
appear in flock 5 is maximum. 


VOLUME of Na,S,O, SOLUTION’ (mL) 


TIME 


Fig. 5.1. Concentration-time curve for the reaction of 
Na,S20, with HC! at room temperature, 


` Results and discussion 


The longer it takes for the mark to disappear, the slower the 
Tate, soit amounts to measuring the time it takes to produce a 
certain amount of sulphur, 

As you see from the trend of the time taken the rate of the 
Teaction is the highest when the concentration of reactant B 
(Na,S,0;) is the highest. Thus, the more reactant there is present, 
the faster the reaction will go. 

An increase in the con 
increase in the reaction rate, 


(b) Varying the concentration of hydrochloric acid 

(i) Take another set of five beakers and five conical flasks. 7 

(ii) Take 25 mL of Na,S,0, in five beakers (100 mL) lying in 
a trough containing cold water. 


(iit) Using a burette, measure out five different volumes a 
25, 20, 15, 10 and 5 mL of HCI solution in five conical flasks marke 
as l, 2, 3, 4 and S. z ; 

(iv) Now follow the experimental procedure as suggested in 
Experiment 5.1 (a), 


Results and discussion z 


On the basis of experimental observations, you will observe 


that the rate of reaction increases with the increase in the concen- 
tration of H+ ions, i.e, HC]. 


centration of reactants produces an 
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Precautions. 1. Start the stop clock the moment mixing 
of two solutions is done. 

2. View thecross mark through the reaction mixture from 
top. 

Experiment 5.2. To study the effect of temperature on the 
pie of reaction between sodium thiosulphate and hydrochloric 
acid. 

Apparatus. Beakers, burettes, thermometers, boiling tubes, 
‘stirrers, measuring flasks. 


Chemicals, Sodium thiosulphate, hydrochloric acid and 
distilled water. 


General. The rate of a chemical reaction increases as the 
temperature increases. It has been found experimentally that the 
rate of a typical reaction doubles for every 10°C rise in temperature. 


As the iemperature rises, the average speeds of the reacting 
particles increases. Consequently, there are more collisions per 
second and this results in an increases in the rate of reaction, 


Procedure. (i) Prepare five water baths nos. 1, 2, 3, 4 and 
5. To that end, fill five 250 mL beakers with water to $ of their 
capacity. Keep one beaker say no. 1. on the table at room tem- 
perature. Measure the temperature of water with thermometers, 
Heat water in remaining say 2, 3, 4 and 5 beakers to temperatures 
5°, 10°, 15° and 20°C above the room temperature respectively. 
Adjust the flame of the burners so the water temperature remains 
almost constant (+0°5°C). Cover each beaker with a lid provided 
with four holes. Place a stirrer in one hole, a thermometer reading 
to 100°C in another hole, and the remaining rwo holes are to be 
used for the reactants. 


(ii) In the mean time, prepare 250 mL 1 M aqueous solution 
of HCl. Also prepare 250 mL 0.5 M aqueous solution of NasS:0;. 

(iii) Now using a burette measure out five equal volumes say 
20 mL of HCI solution in five boiling tubes labelled as 1, 2; 3,4 
and 5. Insert tube no. l in one of the holes provided in the water- 
bath no. 1, Put the remaining tubes in the other waterbaths. 


(iv) Pour 20 mL sodium thiosulphate solution into five different 
boiling tubes and put them in five different waterbarhs 

(v) Now take the waterbath no. 1 maintained at room 
temperature. Now add HCI solution from the boiling tube in water 
bath no, 1 to the test tube containing sodium thiosulphate solution 
in the same waterbath. As you pour the acid, start the stop clock, 
Mix the contents thoroughly and keep the tube on across mark on 
a white sheet of paper. } 

As the cloudy suspension forms, it blots out the cross from 
view (Experiments 5'1). 
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(vi) Stop the clock the moment the cross completely disappears. 
Determine the time that elapses from the moment when the HCl is 
added to the moment when the cross completely disappears. 

(vii) Now maintain the temperatures in different waterbaths as 
given below and repeat the operation in these waterbaths also. Deter- 
mine the time of reaction as described for waterbath no. 1. 
Experiment and observations 


Reactants (constant concentration) (in water baths) 
A—20 mL HCI solution 
B—20 mL NaSO; solution 


> 3 4 5 aoe 
-t=toom  tESC — t410°C tS Ce eee 
temperature j 
Inc; i CARA 
TAi AA in temperatur 
markto . 80s 50 s 35s 25 8 
disappear Increase in rate ——> 


Plot a graph between time in seconds and temperature. 


Time /(s ) ——> 


Temp. (°C) — > 


Fig. 5,2. Graph shows the change in time with change in temperature. 


ee ae Te 
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Results and discussion 


From the observations and the graph you will see that the 
reaction rate increases as the temperature increases. 


Note 
(i) With the use of thermostat better results will be expected. 
(ii) To determine the time for cross (drawn on a piece of paper 
as suggested in Experiment 5.1) to disappear accurately it is advised 
to carry out the reaction in a small conical flask, so that the visi- 
bility of cross is not hampered by the column of solution as in the 
case of boiling tube. 


Precautions. Same as in Experiment 5.1. 
ORAL QUESTIONS AND ANSWERS 


Q. 5.1. What do you understand by the rate of reaction. 
Ans. Refer to Section 5.1. 
Q 5.2. What are the factors which could affect the rate of 
reaction ? 
Ans. Refer to Section 5.1. 
. 2 5.3. What are the homogeneous ond heterogencous reac- 
tions 
Ans. Homogeneous reactions are those in which the reactants 
and products are in the same phase. For example, $ 
NaOH (aq) +HCI (aq) —> NaCl (aq)+H:0 (1) 
Ha (g)+Cl (g) —> HCl (g) 
Heterogeneous reactions are those in which the reactants and 
products are in different phases. For example, 
2Mg (s)-+ Oz (g) —> 2Mg0 (s) 
Zn (s)+2HCI (aq) ——> ZnCl (aq)+-He (g) 


Q.5.4, What are the units of rate of a chemical reaction ? 

Ans. Units of rate of a chemical reaction depends on how 
the concentration of the reactants are expressed. If the concentra- 
tion is expressed in moles per litre and the time in seconds, then the 

[units of reaction rate will be mol L~ s7. 

Q.5.5. What is the order of a reaction ? f 

Ans. The order ofa réaction is defined as the sum of the 
powers to which the concentration (or pressure) terms are raised in 
order to determine the rate of the reaction. ; 

Q.5.6. What is the difference between molecularity and the 
order of a reaction ? 

Ans, Molecularity of a reaction is the sum of the number of 
atoms, ions or molecules of reactants that take part ina chemical 
reaction as suggested through a balanced chemical equation. 
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The order of a reaction is given by the total number of atoms, 
ions, or molecules whose concentrations determine the rate or velo- 
city of the reaction. 


Q. 5.7. It is difficult to determine the rates of certain reactions. 
Comment. 


Ans. Most of the ionic reactions are fast reactions, Explo- 
sive and combustion reactions are (also considered to be fast 
reactions. For example, (i) burning of magnesium/phosphorus, (ii) 
neutralization of a strong acid and a strong base. 


For slow reactions like rusting of iron and fermentation of 
alcohol, it is not easy to determine the rate. 


Q. 5.8. How does the concentration of a reactant affect the 
rate of a reaction ? 


Ans. The rate of reaction increases with the increase of 
concentration of the reactants. 


As the concentration of molecules increases, the number of 
molecules in a unit volume also increases and hence the frequency of 


collision of the reacting molecules increases, Consequently the rate 
of a reaction increases. 


Q.5.9. What is 


t the effect of temperature on the rate of 
Teaction ? 


Ans. It ge 


enerally increases with the increase in temperature. 
However, someti 


mes, it may slow down the rate of reaction. 


As the temperature rises, the average speeds of the reacting 


particles increase. Consequently, there are more collisions per second 
and this results in an increase in the rate of reaction. 


Q 510. Reactant particles do not always react when they 
Collide. Comment. 


Ans. During a chemical reaction, bonds are first broken and 
the new bonds are formed, Consequently, energy is required to 
break bonds and start this process. In case the energy available for 
the reaction is not sufficient the rearrangement of bonds may not 
take place, i.e., reactant particles do not always react when they 
collide. A reaction occurs only as a result of those collisions bet- 


ween particles which possess more than a certain minimum amount 
of energy known as the activation energy. 
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UNIT 6 
Paper Chromatography 


6.1, INTRODUCTION 

Chromatography (chroma, Latin word means colour and 
graphy means separation) is a means of separating mixture by distri- 
bution of the components between stationary phase and a mobile 
phase. The stationary phase is a solvent (often water) adsorbed 
(bonded to the surface on a solid). This may be paper or a solid 
such as alumina or silica gel, which has been packed into a column 
or spread on a glass plate. The mobile phase is a second solvent 
which moves slowly through the stationary phase. 

The chromatographic separations can be achieved by the 
adsorption or partition mechanisms. In adsorption chroma- 
tography the components of a mixture are separated by their 
different adsorption/desorption natures in- the presence of a mobile 
phase. This is because the substances possess differing affinities 
with the mobile phase and varying interactions with the surface of 
the solid (stationary phase). 

Absorption chromatography is classified on the basis of 
mobile phase used, i.e. liquid/solid or gas/solid. 

Partition chromatography involves the distribution of the 
components of a mixture between a liquid adsorbed on a solid and 
a mobile solvent. 

A number of techniques employing the basic principles of 
chromatography liave been developed and are described in Table 6.1. 

Table 61. Different types of techniques of chromatography 


Description Stationary phase Mobile Principle Use 
a phase involved 
Paper Adsorbed water Liquid Partition Identification 
on paper cum- | 
adsorption ate 
Column Adsorbed water Liquid Adsorption Purification 
(or solvent) on and separa- 
silica gel or tion of com- 
alumina pounds 
Thin layer Adsorbed water Liquid Adsorption Identification 
(or solvent) and separa- 
tion of com- 
ponents 
Gas-liquid Non-volatile Insert gas Partition Identification 
solvent adsorbed like Noe 
on powder or He 
Gas-solid Surface of powder Inert gas Partition Identification 
Ion- Jonic sites on Aqueous Partition Softening of 
exchange resins reagents hard water. 


(73) 
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6.2, PAPER CHROMATOGRAPHY 


In paper chromatography, 
phase is water adsorbed on the pa 
known as the developing solven: 
vent or a mixture of solvents, At 


as stated earlier, the stationary 
per (cellulose). The mobile phase 
tor irrigant is either a pure sol- 
times it is also called eluent, 


The mobile phase moves bycapillary action through the body of 
paper. Three types of Paper chromatography have been developed : 
(i) Ascending Paper chromatography. The mobile phase 
moves up across Paper strip in this case. 
(ii) Descending Paper c 
descends across the Paper strip. 


(iii) Circular Paper chromatography or Radial chromato- 
graphy. The mobi 


bile phase moves horizontally along a-circular 
Sheet of paper, 


hromatography. The mobile phase 


, A solution of the mixture (called test solution) to be separated 
1$ applied to a Strip of chrom 


atography and dried. Size of the strip 
depends upon the Size of glass jar and number of spots to be 
applied. This is hung in a glass jar so that the ends dip into 
developing solvent in the bottom of the tank (Fig. 6.1). As the 
SLIT 
RS 


— SUPPORT FOR PAPER 


LID WITH A LINE HOLE 
FOR SUPPORTING 
THE PAPER 


SOLVENT FRONT 


SEPARATED 
COMPONENTS 


CONTAINER 


CHROMATOGRAPHY 
PAPER 


POINT OF APPLICATION 
(SAMPLE) 


SOLVENT LEVEL 
SOLVENT 


Fig, 6.1, 


Ascending Paper chromatography 


a 
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solvent moves up across the paper, it meets the test sample. As it 
rises across the paper, it separates the components. The glass jar is 
covered so that the atmosphere is saturated with solvent. If it is 
not covered, the solvent-also evaporates from the paper. After the 
solvent has traversed ~75% of the length of the paper, the paper is 
removed from the container and dried. 


Now at this stage, if the substances being separated are 
coloured, then detection of the spots of the components on the 
chromatogram is visible to the naked eye. In the case of colourless 
substances, they have to be spotted by spraying a developer which 
can form their coloured derivatives or some kind of complex, etc. 
The developer is sprayed with the help of a sprayer (Fig. 6.2). 


Now dry the chromatograms either at room temperature or as 
advised by the teachers. Once the chromatogram is ready the 
distance travelled by the solvent front is measured. Each component 
of the test solution moves a characteristic distance relative to the 
solvent front. This distance is known as the Ry value (Ry=retention 
factor) and is defined as the ratio of the distance travelled by 
the solute from the origin line to the distance travelled by the 
solvent from the origin line, i.e. 


R Distance travelled by the solute from the origin line _ 

f= Distance travelled by the solvent from the origin line 
Pictorial respresentation of Ry has been made in Fig. 6.3 in 
which the solute has moved through a distance A from its point of 


application, i.e. the origin, whereas the solvent has moved through 
a distance B from the origin. Hence, in this case Rs=A/B. 


The Ry value is dependent on the substance, solvent, paper and 
temperature. The different components are most reliably identified 
by running reference samples‘under the same conditions (Fig. 6.4). 
The reference samples contain the possible components of the 
mixture. So a chromatogram is developed using a sample of the 
mixture, and the samples of the possible components of the mixture. 
The positions of the spots from the spots of reference samples are 
compared. Thus Ry value can be used to assist in identifying the 
components of a mixture. 


In descending paper chromatography, a chromatography 
tank with a trough near the top of the tank to hold the solvent is 
used, The paper hangs down from this trough and solvent descends 
across the paper (Fig. 6.5). 

In radial paper chromatography (or circular paper chro- 
matography), a circular filter paper is taken. A hole is made in 
the centre of paper and a cotton wick is inserted into the hole 
Spots of the materials to be analyzed are placed at the centre of the 
circular filter paper away from the fine end of the wick. The paper 
is positioned horizontally on the petridish containing the solvent so 
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SOLVENT FRONT 


CENTRE OF SPOT 


INITIAL LINE WHERE 
SPOT IS'APPLIED. 


SEPARATED 
COMPONENTS 


SPOTS OF REFERENCE 
SAMPLES 


REFERENCE SAMPLES 


POINTS OF 
APPLICATION 


MIXTURE 


son of the spots of separated components with the 


Fig. 6.4. i 
yaen: spots of reference samples. 


LID SOLVENT TROUGH 


SUPPORT FOR 
TROUGH 


GLASS ENCLOSURE — 


CHROMATOGRAPHY 
PAPER 


Fig. 6.5. Descending paper chromatography 


paper chromatography is Particularly useful for subst 
low Ry values. 


SPOT OF SAMPLE 


PETRI DISH Cover; 


CIRCULAR 
FILTER PAPER 


WICK OF COTTON 


-PETRI DISH 


in Fig. 6.7 (b), 


É across the paper in a circular fashion. 
e chromatogram is developed and dried. 
ORIGINAL SPOT CIRCULAR 
OF SAMPLE FILTER 
SOLUTION PAPER PETRI DISH 
COVER 
CIRCULAR 
FILTER PAPER 
PETRI DISH 
TAIL OF 
PAPER TAIL OF 
| PAPER 
SOLVENT 
(a) (b) 
Fig. 6-7, Circular 


ek chromatogram vario 
concentric Tings (Fig, 


:9). The Ry value of differ 
calculated by Measuring the 
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and the solvent from the central spot. At times the distance travelled 
both by the solvent and the components is different at different 
points along the bands. In such cases, the Ry is calculated at 
different points and average 1s taken. 


OA OB ,OC-, OD 


OA’ OB’ OC’ + OD’ 


Mean Ry: 


E 
[4 CONCENTRIC 
BANDS 


CHROMATOGRAM 


Fig. 6.8. Circular chromatogram, 


6.3. EXPERIMENTS 


Experiment 6.1. (i) To separate the pigments present in leaves 
and flowers by paper chromatography. 


(ii) To determine the Ryg values of the separated components. 


_ Apparatus, Whatman filter paper sheet no. 1, a glass cylinder 
or jar, jar cover with a line whole, a capillary tube, drier (air blower 
or electric drier) pencil, scale, efc., pestle and mortar, etc. 


Chemicals. Acetone, alcohol, distilled water a 
leavesypetals, i ae 


Procedure. (i) Take some flowers/leaves and gri 

< è rind 

into a mortar using pestle. Add 2-3 mL of acetone or SELLE 
again grind them well. Collect the extract (or solution) b È 
tation or filtration in test tube and cork it I SePaNe 


(ii) Cut out a filter paper strip of size 5 
upon the size of the jar). Draw a horizontal aed = m (depends 
ata distance of ~3 cm from one of the ends ofthe fil pencil 
This is called the reference or initial line. iter paper, 
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(iii) Put a pencil mark in the middle of the .reference line. 


d 
Now by using a fine capillary put 2 or 3 drops of the extract store 
in a test tube on th 


more drops at the same point and again dry it. 


i u will 
@) Allow it to stand undisturbed for ey hee 5 or caripitie 
observe that the Solvent starts moving up across t Paine to their 
the constituents alongwith it with varying speed acco 
Partition Coefficient, 

(vi) The coloured 
the solvent, Finally t 
traverses ~ 75% of the 


m. Now 
(vii) Mark the Solvent front and dry the chroma torra distance 
encircle the coloured Spots on the paper. Measur 

travelled by the 


solvent front and the distance travelled by the spots 
rom the reference line. 
(viii) Calculate the Ry value“for different spots 
Temperature fos < 
Observations i 


i long with 

nts are seen moving up a 

ova aN When the solvent fron 
Papar, remove the paper. 


k =X cm 
Distance of spot A from the reference line =Xc : 
. . = m 
Distance of the Spot B from the reference line =Y c 
Distance of the Solvent front from the reference line 
=Z cm 
Au 
Calculations : Ry of spot, A 4 
Y 
Ry of spot, B BZ 
Result, 


The Rg values of the spots A and are.... 
a Tespectively. p the 
Precautions, (i) The spot of the sample ee eke give 
reference line should be as small as possible bits nE of the 
very diffuse spots after separation. Whilings, spotting, 
Spot is important, 
(ii) To get small s 
(iii) Filter paper 
cylinder, 


pot, a fine capillary should be used. inei 
should not touch the side walls of t 
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(iv) Reference line should always be ~ | cm above the surface 
of the developing solution. 3 


(vy) Paper should not come in the contact of bottom of 
cylinder. 


(vi) Mark the solvent front the moment the paper is taken 
out of the cylinder. 

(vii) Don’t disturb the cylinder during the course of ‘experi- 
ment. 

(viii) The filter paper strip should be exposed to the vapours 
of the developing solvent before putting in use to get good results. 


Note: 1. The experiment can also be carried out ina boiling 
tube (Fig. 6.9) using a drawing pin. 


DRAWING PIN 


CHROMATO GRAPHY 
PAPER 


SPOT OF THE 
SAMPLE 


(DEVELOPING 
SOLVENT). 


Fig. 6.9. A simple apparatus for ascending paper chromatography 


2. If the lid witha line slit is not. available hang the paper 
with the help of a glass rod and paper clips (Fig. 6.10). 

3. A mixture of blue and red inks using alcohol (developing 
solvent) can also be separated on the lines suggested in the Experi- 
ment 6.1 by using alcohol as mobile phase. 


4. The separation of coloured constituents present in a mixture 
can also be done by using circular paper chromatography. Colou- 
red constituents separate as concentric rings. 

Experiment 6.2, To separate Cut and Cd?t ions present in 
a given mixture using paper chromatography. 
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PAPER CLIP 


SAMPLE SPOT, 


REFERENCE LINE 


Fig. 6.10, Alternative arrangement for hanging the paper 


Apparatus. Whatman filter paper no. | strip, capillary tube, 
glass cylinder, lid with a slit, drier, etc. 


Chemicals. 1M aqueous solutions of copper sulphate and 
cadmium sulphate, distilled water, ethanol, SN HCl, . colourless 
(NH,)2S solution. 


Developing solvent (Irrigant). (i) Ethanol (90 mL)-+ 5NHC} 
(10 mL) or (ii) n-Butanol saturated with dilute HCI (4N). 


Spraying reagent or visualizing reagent. Colourless (NH,).S 


Prepared by bubbling H,S gas through dilute aqueous ammonia 
(4N) solution, 5 i 


Procedure. (i) Take a Whatman filter paper no. | strip accor- 
ding to the size of the glass cylinder. Draw the reference Jine near 
the end of the'strip at least above 3 cm from the edge of the strip. 
Mark three points.on the reference line with proper spacing. 


(ii) Apply a spot of each, 1M aqueous solution of copper 
sulphate, cadmium sulphate and a mixture of copper sulphate and 
cadmium sulphate against marks 1,2, 3. Allow-the spots to dry. 


‘ (iii) Pour the developing solvent (Cem mobile z 
7 ny phase), a mixture 
„Of ethanol and HCI (9: 1) so that it gives a column of 3 cm height. 


(iv) Hang the Paper'in the cylinder as'su 


Experiment 6,1 ggested earlier in the 


8 


D3 


(vy) Allow the mobile phase to move across the paper for at 
least 2 hr. or until it moves up 75% of the length of the paper strip. 


(vi) Remove the paper strip and mark the solvent front. 


(vii) Dry the paper strip and then spray colourless (NH4)eS 
solution: F: 


: (viii) Note the colour and positions of spots. Identify each 
ion from the colours and calculate their Rf values. 


Observations 
1. Black spot originating from mark 1 corresponds to Cut. 


2. Yellow spot originating form mark 2, corresponds to Cdak 


CHROMATOGRAM 


coea -< SOLVENT FRONT 
YELLOW YELLOW 
BLACK BLACK 
A 2e 
Cu? Cu + Cd 


REFERENCE LINE. 


Fig. 6.11 


3. Black spot originating from mark 3 well compares with the 
block Spot originating from mark 1. Both the spots are almost at 
the same distance from reference line. Hence both the spots are 
because of CuS. 

Yellow spots can also be similarly explained. They are because 
of CdS. 

Calculations 

Distance between the reference line and the centre of the black 

developed spot originating from mark 3=X cm. 
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Distance between the reference line and the centre of the 
yellow developed spot originating from mark 3 =Y cm. 


Distance between the reference line and the solvent front 


=Z cm 

= J X 
Ry of black spot (Cu?+ s? ) => 
Rz of yellow spot (Cd?* s2-) =~ 


Result. Ry values of Cu?+ and Cd?+ have been found to be in 
the order, i.e. Cd2->Cy2+ 


and they are in agreement with the values 
obtained from the known samples of Cu2+ and Cd?+, 
Precautions. Same as in Experiment 6.1. 


Note. A 0.5 per ce in chloroform can 
also be used as a sprayin Copper ions will 
appear as purple brown 


oloured spots. 
Experiment 6.3. Separation of a mixture of Cut, Ni? +t, Coz+ 
and Zn?* ions in aqueous solutions. 


Hint. (i) For mobile phase prepare a mixture of acetone, 
ethyl acetate and 5M HCl in the ratio of 9:9: 2 by volume. 
(ii) Develop the spots by exposing the chromatogram to 
ammonia vapours to neutralize the acid. Now Spray the strip on 
both sides with the rubeanic acid reagent, 


nt solution of dithiazone 
g or developing reagent. 
while cadmium as purple c 


(iii) Nickel ion — Blue purple spot 


Cobalt ion — Yellow orange spot 
Copper ion — Olive green spot 
Zinc ion — Pink band 


(visible when Sprayed with a 


dilute solution of dithiazone in CHC),) 


Experiment 6.4. Separation of a mixture of Pb?+ (aq), Agt 
(aq) and Hg+ (aq) ions. 


Hint. (i) For mobile phase use distilled water. 
(ii) Develop the spots by spraying 0.25 M Potassium chromate 
solution. 

(iii) Pb?+ Yellow spot 
Agt Brick red spot 


Hg+ Orange spot 
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Experiment 6.5. Separation of a mixture of Fe®* (aq) and 
Al% (aq) ions. i 

Hint. (i) For mobile phase prepare a mixture of ethanol, 
isopropanol and dilute HC] in the ratio of 9 : 9 : 2. 

(ii) Use a 1.0 per cent solution of alizarin in ethanol as spray- 
ing reagent. Fxpose the chromatogram to ammonia vapours. 

(iii) A13+ Red spot 

Fet Purple spot. 


Now after seeking the instructions from the class teacher, other 

separations can be planned on the lines of Experiment 6.2. Planning 

“of experiments depends upon the availability of reagents in your 
laboratory. : 


ORAL QUESTIONS AND ANSWERS 


Q. 6.1. What is chromatography ? 


Ans. It is a means of separating the components of a mixture 
and purifying components. 

Q.6.2. What is the’ principle underlying chromatographic 
process ? 

Ans. Chromatography is based on the differences in rates of 
migration of the components of a mixture across a stationary phase 
under the influence of the moving phase. 


Q. 6.3. What is the principle of paper chromography ? 


_ Ans. Itis based upon the fact that the components of a 
mixture move across the paper at varying speeds as the developer is 
sucked into the strip of paper by capillary action. 


Q. 6.4. Name the basic mechanism on which the chromato- 
graphic separations are based. 


Ans. Chromatographic separations can be achieved by the’ 
adsorption or partition mechanism. 


For more information refer to Section 6.1. 


Q. 6.5. What do you understand by the term ‘Rs value’ ? 


Ans. Ry or ‘retention factor’ of a substance is the ratio of 
the distance travelled by the solute from the reference line to the 
distance travelled by the solvent from the reference line. 

__ Distance moved by the component 
Distance moved by the solvent front 

The Ry value is dependent.on the substance, solvent, paper and 
temperature. It is independent of the length of the paper. It is never 
more than unity- 


peniga Ry 


86 


Q. 6.6. What are the moving (or mobile) and stationary 
phases in paper chromatography ? 


Ans. Water adsorbed by paper acts as a stationary phase 
whereas the mobile liquid or the developing solvent acts as a mobile 
phase. 

Q 6.7. What is a chromatogram ? 


Ans. A filter paper used as adsorbent in paper chromato- 
graphy when passes through the various stages of chromatography 
technique to the stage of spraying and drying is called chromato- 
gram. 

Q. 6.8: What are visualization reagents ? 


Ans. When the substances being separated are coloured, 
then their 


„positions are detected easily on the chromatogram. 

However, if the substances are colourless, they are not visible on 

the chromatogram. Their presence can be detected by applying some 
Tegents called visualization reagents, 

Q.69. What is development ? 


Ans, The process of allowing the substance to move across 
the filter paper strip (stationary phase) under the influence of mobile 
phase is called development. 


Q. 6.10. What is resolution ? 


Ans. It is the degree of separation of the components of a 
sample after development on a chromatogram. 


Q. 6.11. What typss of solvents are generally- employed in 
chromatography ? 

Ans. To achieve effective separations, solvents with low 
viscosities are generally employed because the rate of flow of solvent 
is inversely proportional to the viscosity, 


Q.6.12. Give the difference between One-dimensional and 
two-dimensional paper chromatography. 


Ans. When the flow of liquid across the filter paper takes place 
in one direction, it is called one-dimensional chromatography. In 
two-dimensional chromatography, the liquid flows across the filter 
Paper in two directions at right angles to each other. 

_, Q.6.13. What happens if the filter paper strip touches the 
side walls of the glass cylinder ? 

Ans. 


The mobile phase moves uneyenly and the separation 
of the comp: 


onents of a sample is not effective. 


Q. 6.14. It is advised to cover the container when the chro- 
matographic separation is on. Comment. 


Ans. The container is covered so that the atmosphere is 


saturated with solvent and to prevent the evaporation of the solvent 
from the paper, 
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Q. 6.15. Is chromatography is useful for separating amino 
acids and sugar ? s 

Ans. Yes. 

6.16. List some of the important biochemical applications 
of chromatography.. 

Ans. Itis used in separating amino acids, proteins, sugars, 
nucleic acids, etc. 

Q. 6.17. What is the basic difference between paper and 
column chromatographies ? ; 

Ans, Paper chromatography is fast, but it is only suitable 
as a means of qualitative analysis. Column chromatography is used ' 
for the quantitative separation of mixtures. 

Q. 6.18. What is advantage of descending paper chromato- 
graphy over ascending paper chromatography ? 

Ans. The main advantage of the descending paper chromato- 
graphy is that the solvent can be allowed to flow off the paper if it 
is desired to elute the separated components. 


Q. 6.19. Isit possible to separate the isotopes of an elements 
by chromatographic means 9 Give reason for your answer. ` 


Aus. No. Differences in chemical properties of the com- 
ponents of the sample are the basis of chromatographic separations, 
and since isotopes have same chemical, properties, they cannot be 
separated by this technique. 


EE 


UNIT 7 
Volumetric (Titrimetric) Analysis 


7.1. INTRODUCTION ; 


Volumetric (Titrimetric) analysis is the quantitative determina- 
tion of the components -of a mixture by allowing to react the 
measured volumes of two solutions so that the reaction is just 
complete. In volumetric analysis, one solution of known concentra- 
tion is used. This is termed as the volumetric standard, One of 
the two solutions is taken with a measuring device known asa 
burette. This could bea standard solution; if is then gradually 
added to the solution’ (kept in a titration flask) to be analysed until 

. the reaction is complete. This operation is known as titration. The 
progress of a reaction is followed by an indicator ; the indicator is 
used to determine the completion of a reaction (stoichiometric point) 
usually by a colour change. The correctness of volumetric results 
depends upon'the measuring vessels, measurement of volumes end 
weighing, 

Volumetric analysis has certain advantages over the other 
methods of quantitative analysis, such as gravimetric analysis. These- 
are : 

1. Volumetric analysis does not involve laborious and tedious 
operations, such as precipitation, filtration, washing, drying and 
ignition. 

2. Volumetric determinations are more rapid and accurate, 

Based upon the nature of chemical reactions various classes of 
volumetric analysis have been recognized. 


—Acidimetry and alkalimetry 
—Redox titrations 
—Titrations involving precipitations reactions 
—Complexometric titrations. 

7.2. REQUIREMENTS FOR REACTIONS USED IN 
VOLUMETRIC ANALYSIS 


The point in a titration when the amount of titrant added is- 
the stoichiometric amount needed to react with the measured amount 
of the other reagent is called the equivalence point (end point), 
the point at which the colour change of the indicator becomes- 
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apparent to the eye. It is, therefore, obivous that it is necessary in 
titration to determine the equivalence point with sufficient accuracy. 
It is on this point that calculation of results is based. Thus the end 
point of titration isthe point at which the indicator shows the 
reaction to be complete. At times, there is a differcnce between the 
stoichiometric and practical end point. This difference is termed as 
titration error. The choice of indicator should be such that the 
titration error is as small as possible by controlling the experimental 


conditions, 
on that atleast one solution is of 


exactly known concentration (volumetric standard). Its concentra- 
tion may be determined from another titration, but there must be a 
substance in the analytical procedure which isa primary standard, 
A primary standard isa substance which can be converted into a 
standard solution by weighing the material accurately on an 
analytical balance and dissolving it in water to obtain a solution of 
exactly known volume. To qualify as a primary standard, the 
substance must be pure, etc. (Unit 1). Typical primary standards are 
anhydrons sodium carbonate, oxalic acid, Mohr’s salt, ete. 


A Estimation by volumetric analysis is feasible only if the reaction 
involved fulfills the following conditions : 

(i) The reaction must take place till completion and instan- 
taneously. 

(ii) The end point should coincide with the equivalence point. 


It is essential in a titrati 


(iii) There should be no side reactions. 
(iy) The reaction should be specific. 


(v) The reaction involyed should be definite. 
represented by a chemical equation. 

(vi) The end point should be definite, cither between the react- 
ing substances or by the use of an indicator. 


7.3. VOLUMETRIC APPARATUS AND THEIR PROPER USE 


A wide variety of chemical balances is avail- 


able each with its own operating procedure. It is important that the 
balance be kept clean. Spillages should not occur. Materials should 
not be added to, or removed from, the balance while the lever is 
free to move ; it must be arrested first. Methods for weighing the 


. material have been discussed in Unit 1. 
Gi) Burettes. Burettes commonly used in the laboratories are 
graduated from 0 to 50 mL and eyery division can read up to 
0.1 mL. These are of various types (Fig. 7'1). 


It should be 


(i) Balances. 


30 


4 


ce 


T myn y 


ATT 
© a 


(a) Burette with 
Stopcock 


(b) Burette with 
Pinchcock 


(c) Burette with side screw 
Fig. 7.1. Types of burettes. 


Rinse the burette with the solution and ensure that it runs 
freely and is not blocked by dirt or grease. 


4 Filling of burette and taking of the reading are two important 
steps. 


Filling of burette ; 

(i) Clamp the burette vertically in a burette stand- 

(ii) Close the stopcock and pour the appropriate solution 
into the burette through a funnel (rinsed with the solution to be 
poured into the burette), held in left hand at its mouth to provide 
space for air to go out. 

(ii) Run the burette until the meniscus is on or just below the 
zero mark. 

(iy) Remove the funnel and allow it to stand for a minute or 
two so that the solution adhering to the upper part of the burette 
drips down. F 

(vy) Check up that there are no air bubbles either in the tube 
or nozzle of the burette. In case there are any air bubbles, open the 
stopcock for the solution to flow quickly. The air bubble will escape 
quickly. 


RECTANGULAR , FOLDED WITH 


PAPER & TWO INCISIONS 
(a) ¥ (b) 


UNFOLDED FORM ANTIPARALLAX PAPER 


(c) MOUNTED ON THE 
BURETTE 
(d) 


Fig. 7.2 (a, b, c, d) Anti-parallax paper ind2x ; correct methur 14 
reading the liquid level, 
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Taking the burette reading 
This involves the following steps : 


(i) Removal of parallax. Itis doneTwith the help of anti- 
parallax paper index and is prepared by folding a rectangular piece 
of white paper into two halves and then giving to it incisions at two 
places [Fig. 7.2 (a and 5)]. Now open the fold and mount the paper 
index on the burette [Fig. 7.2 (c) and (d)). 


(ii) Reading the correct meniscus. Anti-parallax paper 
index is allowed to slip over the burette and is finally held against 
the level of the solution. 
Keep your eye in level with ‘the 
lower meniscus of the solution 
and the black boundary, and 
note the initial reading of the 
burette as shown in Fig. 7.3. 
Similarly note down the final 
reading of the burette. The 
difference between the final 
Teading and the initial Teading 
gives the volume of the solution 
used for titration. 


3 The standard procedure 
1s to read the lowest point of 
liquid when it sags or the 
highest point when it bulges 
upward. $ 


Fig. 7.3. Reading the correct meniscus 
at eye level i.e., the correct level of 
the solution. 


Precautions to be observed while using a burette 
(i) Clean it before using. 


(ii) Ensure thatit runs freely and is not blocked by dirt or 
grease. 


(iii) It must be rinsed with appropriate solution before use. 


(iy) Fill it above the zero mark by means of a funnel. It should 
not rest on the burette. 


(v) Remove the funnel after filling the burette with titrant. 
(vi) Air bubbles from the nozzle must be removed, 


(vii) Stopcock should be operated by the left hand and the 
stopper kept pressed inward (Fig, 7.4). 


(viii) Always use anti-parallax paper index when taking a 
reading. It facilitates reading. à 
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THUMB AND 
FOREFINGERS 
WRAP AROUND 
KNOB OF STOPCORK 


Fig. 7'4, Holding the burette stopcock and the 
conical flask during titration. 


(ix) Adjust your eye at the level of solution in the burette. 
(x) Reading should be recorded immediately in the practical 
record book. 


(xi) After completing the titration, the burette should be 
thoroughly washed with water. 
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(iii) Pipettes. These are also measuring vessel to measure the 
volume of solution to be delivered. Pipettes of known volume say 
10 mL, 20 mL, 25 mL or 50 mL are available in the market and the 
selection of a pipette of suitable volume can be made at the time of 
titration. The measurement is correct at a temperature engraved on 
the bulb of the pipette. Before use rinse out the pipette with the so- 
lution. For rinsing, suck about 5 mL of the solution into it. Hold 
the pipette between two hands. Tilt and rotate it so that the inner 
walls of the pipette come in the contact of the solution. Allow the 
rinsed solution to run out into the sink. No-observe the following 
while measuring the solution with the pipette. 
(i) Now place the narrow tip of the pipette well below the 
surface of the liquid and suck the solution from the other end until 
the solution rises, well above the circular edged mark. Now place 


your forefinger of the right hand at the mouth end firmly [Fig. 7.5 (a) 
and (b)]. 


SOLUTION 


Fig. 7.5. Measuring of solution wi 
with a solution, (b) Closing o 
a forefinger, (c) Releasing ¿f 
solution coincides with the circular mark, and (d) Releasing of 
the solution into the titration flask. 

(ii) Now keep the tip above the level of the solution. Release 
the pressure gently so that liquid gradually moves downward. Con- 
tinue to allow the level of the solution to fall Slowly until the lower 
meniscus touches the etched mark when viewed by placing the eye 
at its level [Fig. 7°5 (c)]. 


(iti) Cerefully move the pipette to the titration flask and intro- 
duce its tip into the titration flask (Fig. 7.5 id)]. Now release the 
pressure completely „by removing the forefinger. Wait for a few 
seconds for the solution to run out completely. Do not blow it ovt. 


th a pipette, (a) Filling the pipette 
f the upper end of the pipette with 
the solution until the level of the 
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(iv) Touch the tip of the pipette against the walls of the flask 
[Fig. 7.5 (d)] and hold it in the flask for 10 seconds. Remove the 


pipette. - . 

(v) Students will find a drop or two still left in the jet end of 
the pipette. This should not be blown out because it has already been 
accounted for while calibrating the pipette. 

* Precautions to be observed while using a pipette 
y (i) Clean thé pipette with chromic acid and finally wash it 
with distilled water. 

(ii) Rinse the pipette properly, with the solution to be delivered. 

(iii) Never suck too fast lest the solution should rush into your 
mouth. Do not suck poisonous solutions into the pipette. 
_ (iy) Forefinger used to hold the solution must be dry. 
(v) Do not blow. out the last drop from the tip of the pipette. 
(vi) During sucking, the lower end of the pipette should be 
well below the surface of the solution, or else the solution may get 
into mouth, . 


(vii) A pipette with a broken tip should not be used. 
(viii) Hot liquids should not be measured. 
(ix) Solution level should be observed at eye-level. 


(iy) Graduated flasks. They are used for preparing standard 

solutions, The most common sizes of the graduated flasks used in 

“the laboratory are of 100 mL, 250 mL, 500 mL and 1000 mL capa- 
city. Observe the following when preparing the standard solutions : 


Transfer the solution or solid through a clean funnel to a clean 


graduated flask. Allow the washings to go into the flask and remove - 


the funnel. Stopper the flask and shake contents well. Now add 
sufficient distilled water to near the graduation mark, Add the final 
drops of water with a pipette until the lower meniscus of the solution 
touches the graduation mark. Observe this at eye-level to avoid errors 
due to parallax. Stopper the flask and invert it several times so as to 
produce a homogeneous solution. 

Precautions to be observed while using a graduated flask 


(i) Always use funnel to transfer solution to the graduated 
flask and do not allow the funnel to rest on the neck of the latter. 


(ii) Wash the funnel with distilled water before removing it 
from the graduated flask. 
(iii) Graduated flask should never be heated. Never place hot 
£solution into it. ; 
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(iv) Its stopper should not be changed. 
(v) It should not be rinsed with solution to be stored in it. 


7.4. ACID-ALKALI TITRATION (ACIDIMETRY OR 
i ALKALIMETRY) 


By acidimetry, we mean the determination of unknown strength 
of an alkali by titration with a standard’ solution. Alkalimetry is 
just the opposite of this statement. When an acid is mixed with an 
alkali, H+ ions of the acid react with OH- ions of the alkali to pro- 
duce water. The solution can therefore be either acidic (when an 
excess of H+ ions are present) or alkaline (when an excess of OH- 
ions are present) or neutral (pH of the solution 7; neither the H+ 
ions nor the OH- ions are present in excess desired by the equiva- 
lence point). For example, in the reaction of HCl (a strong acid) 
with NaOH (a strong base), the condition of neutrality is reached. 
Na*(aq)+ OH~(aq)+-H*(aq)+Cl-(aq) > Nat(aq)+ Cl>(aq)-+H.O(1) 

The net change is 

H*(aq)+OH-(aq) —> H,0(1) 

_When a certain amount of an acid is so treated with an alkali 
that it is completely converted into a normal salt and loses its acidic 
properties, it is said to be neutralized. The case is otherwise when 
the acid or the base or both are weak. The solution at the equiva- 
lence point will be either acidic or alkaline. Thisis due to the 
hydrolysis of the salt produced in the neuralization reaction. 

Some salts are able to act as acids or bases. For example, 
ammonium salts are acidic, the ammonium ion furnishes a proton to 
the solvent. 


NH,*(aq)+H,0(1) = NH;(aq)-+H,0+(aq) 


Carbonates abstract protons from the solvent and so act as 
bases. 


CO,?-(aq)+H,0(1) = HCO,-(aq) ++OH~(aq) 


_ Thus the progress of any acid-base titrations would be to 
monitor the change in pH with an electrical pH meter. But it is 
customary to detect the end point of a titration with the aid of 


chemical indicator, a substance which changes colour when the pH 
of its solution alters. 


Acid-alkali titrations have already been discusscd at Class XI 
level. 


7.5. REDOX TITRATIONS i 


Redox, i.e., reduction-oxidation titrations can be conducted 
using reagents which behave as reducing and oxidixing reagents. 
These reagents are usually coloured in the oxidized or reduced forms 
but of a significantly different colour (or even colourless) in 
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the other state. For example, potassium permanganate is purple in 
its oxidized from, but its reduced product, i.e , manganese (TI) ion is 
almost colourless. 

MnO,--+8H*+5e- —> Mn**+4H,0 


In some cases, the colour change is not distinct to ensure 
accuracy. For example the iodine is brown in solution, the iodide 
ion is colourless. 

I,+2e— —> 2° 


As the iodine is reduced, the colour fades to a pale yellow 
which is difficult to distinguish from the colourless iodide ion. If 
starch is added, on intence blue colour appears in the presence of 
even a trace of iodine. It is colourless in the absence of iodine. 


Redox titrations involve reactions in which a change in oxida- 
tion number takes place and one uses to estimate the amount of an 
oxidizing agent or that of a reducing agent from their solutions. In 
these reactions oxidation and reduction take place simultaneously. 
If one substance is oxidized then the other is reduced. In the follow- 
ing reaction MnOq ions act as oxidizing agent and Fe?+(FeSO,. 
7H.O) ions act as reducing agent. Here MnO," ions, get reduced to 
Mn?* ions and Fe** ions get oxidized to Fe** ions. 


MnO,-+8H*+5e" —> Mn°*+4H,O (Reduction) 
(From oxidizing reagent) 
Fe?+ ——> Fe®+ + e7 | x5(Oxidation) 
(From reducing reagent) 


MnO,” + 8H* + 5Fet —> Mn+ + 5Fe3t + 5H,O 
(Redox reaction) 


7,5. POTASSIUM PERMANGANATE TITRATIONS 


Potassium permanganate is usually employed in the volumetric 
estimation of many reducing agents such as oxalic acid, oxalates, 
ferrous sulphate, Mohr’s salt, etc. The titratton is successfully 
carried out in the acidic medium. Among the three mineral acids 
available, only sulphuric acid is used because it does not act on the 


permanganate ion in dilute solutions. 


Hydrochloric acid is not used as it reacts with KMnOQ,. 
2MnO; + 10CI- + 16H+ —> 2Mn** + SCI, + 8H,O 
HCl consumes the permanganate ion in excess of that used in 
the oxidation of the substance that is being titrated. 


hn acid is also not used because of its strong oxidizing 


Potassium permanganate solution is dark purple in colour. 
The colour disappears 1m the presence ofa reducing agent. At the 
end of a reaction, any excess of KMnO; solution added, makes ` 
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the solution pink. Thus, in this titration no indicator is required. 
Potassium permanganate acts as ‘self indicator’. 


_ At times, as the end point is approached, the pink colour starts 
fading due to the interaction between the MnO, ions and Mn?* ions 
formed during the course of titration, 


i 2MnO, + 3Mn?+ —-> 5Mn0, + 4H+ 


To avoid such a reaction a sufficiently acidic medium should 
be used. 


The reduction of permanganate may proceed to different 
oxidation states of manganese, depending on the solution conditions. 
Accordingly number of electrons involved in the reaction varies, 
and hence, the gram-equivalent mass of permanganate will be 
different for different reactions. For example, in strong acidic 
solution, heptavalent ‘manganese’ in permanganate is reduced to 
divalent manganese 


MnO- + 8H* + 5e7 —> Mn?+ + H,O 


Thus on the basis of this reaction the equivalent mass of 
KMnO, is 158°04/5=31°6. 


In weekly acidic, alkaline or neutral solutions, heptavalent 
manganese is reduced to quadrivalent manganese with the formation 
of manganese dioxide. 


MnO, + 4H* + 3e— —— MnO, + 2H.O 
MnO, + 2H,0 + 3e° —~> MnO, + 40H- 


In this case, the equivalent mass of KMnO, has different value; 


LO 


Equivalent mass of KMnO, = = 52.68 


158.04 
3 . $ 
Thus, it is clear that the equivalent mass of the substance is 
not fixed, but is dependent upon the reaction accompanying the 
_ titration. The equivalent mass of a few oxidizing and reducing 
agents commonly used in the laboratory are given in Table 7.1. 


75:1. Calculations 


Titration calculations can be reduced to a few simple steps. It 
is essential to know which substance is acting asthe standard. The 
steps required are : (1) the determination of equivalent mass of the 
standard used on the basis of balanced chemical equation ; (2) the 
calculation of the normality of the standard solution ; (3) the cal- 
culation of the normality of the other solution; and (4) the deter- 
mination of the quantity (concentration, purity, etc.) required. 
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Calculation using normality . 


The normal concentration of a solution, designated by the 
letter ‘N’ is one of the ways of expressing the concentration of solu- 
tions. This method is based on the equivalent mass of the solute. 
A solution is said to be normal one, when it contains one gram 
equivalent of the solute per litre of the solution. The equivalent 
mass expressed in grams is called gram-equivalent. It is important 
to emphasize here that the gram-equivalent is not invariant as the 
gram-molecular mass is but depends upon the reaction concerned. 
Concentration in gram per litre 

Equivalent mass 

Dilution problems involving normal concentrations are the 
same as with moral concentrations. 


Number of equivalents before dilution 
Number of equivalents after dilution 
or NV =N V; i 
e! G 


LD. y =t 
Exh T Xu 


As we known that the number of equivalents=NV, so it is 
simply a matter of substituting ‘equals for equals’. Accordingly one 
mL of } N solution of any substance will react exactly with 1 mL of 
1 N solution of another substance and that solutions of equal nor- 
mality will react volume for volume. $ 

Accordingly if the solution of a substance A is titrated against 
the solution of a substance B then at the end point we can write as 
follows : 


Number of gram equivalents of solution A 
=Number of gram equivalents of solution B 
or NWi=NV 2 (7.1) 
where N, and N, are the normalities and Vi and V, the volumes of 
solutions A and B respectively. 


From Eq. (7.1), the normality of a unknown solution can be 
calculated. Let this be x. Now N,V;=NoVo. If Na, Vi and Vo 
are known, N,=x can be calculated by the equation 


oN G2) 


Normality= 


____ With the known/caleulated normality ofa solution, its strength 
in grams per litre can be known by applying the following relation : 


Strength=Normality x Equivalent mass (7.3) 
Calculation using molarity 
The steps required are : 


(1) The determination of the number of moles of the standard 
used ; (2) the writing of a balanced chemical equation ; (3) the 
calculation of the number of moles of the other compound ; (4) the 
conversion of the number of moles of the other compound to a 
mass ; and so (5) the determination of the quantity (concentration, 
purity, etc.) required. : 

It may be recalled that the molar solution of a substance is that 
solution which contains one gram molecular mass (or one mole) of 


it per litre of the solution. 


For example, the molecular mass of HCI is 36.5. Thus, a . 
solution containing 36.5 g of hydrochloric acid in one litre of solu- 
tion willbe 1.0 M. Similarly when 3°65 or 0.73 g of it are present 
in one litre, the molarity of the solutions will be 0.1 M or M/10 and 
0.02 M or M/50 respectively. Mathematicaliy molarity may, be 
expressed as given below : 

Number of moles of solute 

Volume in litre 
Mass of solute in g L> 
Molecular mass of solute 

Mass of the solute in grams 
=Molecular mass of solute X Volume of solution in litre 


Thus, using above relationship, the molarity of a solution can 
be determined if the molecular mass of the solute and the amount 
dissolved per litre of the solution is known. Also, the amount of 
solute which is to be dissolved (for preparing a solution of known 
molarity) can be computed from the above relationship. 


Mass of solute (in grams) = Molecular mass of the solute 
X Volume of solution in litre X molarity 


M 


Relationship between normality and molarity. The con- 
centration terms, molarity and normality can be inter-related to each 
other by a simple relationship given below : 

Normality=Molarity x number of equivalents per molecular 
mass of the solute 
Molecular mass 
Equivalent mass 


—MolarityxNumber of electrons gained or lost 
per molecule (or ion) of the solute in a balanced 
equation 

N=MxXn 
where n=Number of electrons gained or lost per molecule 
(or ion) in a balanced equation. 


=Molarity Xx 
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Netes on the use of potassium permanganate 


Potassium permanganate is not used as a primary standard 
because of the following reasons : 


____(i) It is not usually obtained in a very pure state. It is found 
mixed with manganese dioxide. 


(ii) The presence of manganese dioxide catalyses the auto- 
decomposition of KMnO; solution. 


_ _ (iit) Moreover, KMnO, being a strong oxidizing agent a por- 
‘tion of the reagent is used up in oxidizing the oxidizable impurities 


Present in reagents or distilled water. It can also undergo photo- 
chemical decomposition. 


___ Because of the above reasons, the solution of KMnO, is filtered. 
Filtration is done by : (a) passing through a Gooch containing a pad 


of purified asbestos, (b) passing through a plug of purified glass wool 
in a funnel ; etc. 


KMnO; solution is usually stored in coloured bottles to pre- 
vent the effect of light. 


From this it follows that standard permanganate solution can- 
not be prepared by exact weighing and cannot be stored fora long 
time. In practice, therefore, a, solution of the approximate strength 


(required) is prepared and then standardized against the solution of 
a primary standard. 


The solution of potassium permanganate is generally taken in 
a burette when standardizing it. It is advised to use the burette with 
a glass stop cock instead of a rubber pinch cock as rubber is slowly 
attacked by potassium permanganate on standing. As KMnQ, is 
deeply coloured, always read the upper meniscus while taking the 
burette reading, Addition of KMnQ, solution with stirring is also 
advised to avoid the precipitation of hydrated manganese dioxide, 
which intereferes in arriving at the correct end point, 


7.6. EXPERIMENTS 


Experiment 7.1. To determine the strength of KMnO, 
solution using standard oxalic acid solution, 


Apparatus : Burette, conical flask, pipette, graduated flask, 
ete. 


Chemicals : Oxalic acid, KMnO, solution, HSO; (dilute), 
distilled water. 


General : In this method a hot solution of oxalic acid acidi- 
fied with dilute sulphuric acid is titrated slowly with potassium per- 
manganate solution until a light pink colour apeat aia theolution: 
The reaction is as follows : 


2MnOg +50:04 + 16H* —> 2Mn**-+ 10C0,-+-8H,0 
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Procedure. It involves the following steps : 


(i) Preparation of standard oxalic acid. Weigh out accu- 
rately oxalic acid crystals in a weighing bottle or a watch glass. 
(0.787 g for 250 mL 0.05 N solution). Transfer to a 250 mL 
measuring flask. Dissolve the crystals of oxalic acid in distilled 
water by shaking and then make up the solution up to the mark with 
more of distilled water. Again, shake the flask gently up and down 
to ensure through mixing. 


(if) Titration of KMnO; solution with oxalic acid. Rinse 
the burette with potassium permanganate solution and fill it up to a 
convenient mark. Pipette out20mL of the standard solution of 
oxalic (N/20) into a titration flask and add to it ~ 10 mL of dilute 
sulphuric acid. Heat the flask on a wire gauze to 60—70°C. Note 
the initial reading of the burette by noting the upper meniscus. Now 
run the potassium permanganate solution slowly in small amounts at 
a time to the hot solution with stirring until the end point (pink 
colour) is reached. Note the final reading of the burette by noting 
the upper meniscus only. 

Repeat the above titration until three concordant readings are 
obtained. y 


Indicator—Not required. 
Normality of the oxalic acid solution=0.05 N 


Observations 


S.No. Volume of Burette reading Volume of 
oxclic acid Sa KMnO, 
solution taken Initial Final solution 
(mL) (mL) 


DON 
N 
© 
© 


Calculations 


Suppose 20 mL of 0.05 N oxalic acid 
=V mL of KMnO; solution 


or 200.05 N=V Xx NxMnO, 


N _ 10 
or KMnO, V 


Strength=Normality Xeq. mass of KMnO, 
1.0 
=7 X 31.6 g/L 


and 


104 


Experiment 7.2. To determine the strength of the given 
sample of KMnO; solution in g/L. Prepare a standard solution of 
0.05 N Mohr’s salt [FeSO,(NH,). SO, 6H,O]. 

Apparatus : As given in Experiment 7°1. . 

Chemicals : Mohr’s salt, KMnO, distilled water, H.SO,. 


General. In this method, a solution of Mohr’s salt acidified 
with dilute sulphuric acid is titrated with potassium permanganate 
solution at normal temperature until a permanent pink coloured 
solution appears. The reaction is as follows ; 

MnO,-+5Fe**++8H*t ——> Mn**+-+-5Fe**+-4H,0 

Procedure. It involves the following steps : 


(i) Preparation of standard Mohr’s salt solution. Weigh 
out accurately pure Mohr’s salt crystals in a weighing bottle (1.96 g . 
for 100 mL 0.05 N solution). Transfer it to a 100 mL measuring 
flask which is already having a few drops of concentrated sulphuric 
acid. Then add 50 mL of distilled water. Dissolve it by shaking 


and then make up the volume upto the mark on the flask by adding 
distilled water. 


(ii) Titratian of KMnQ, solution with Mohr’s salt solu- 
tion. Rinse and fill the burette with the given solution of potassium 
permanganate and read the initia) reading of the burette by noting 
the upper meniscus only. 


Pipette out 10 mL of Mohr’s salt solution in a conical flask. 
To this add 10 mL of dilute sulphuric acid. Run KMnO; solution 
from the burette into the conical flask until a permanent light pink 
colour is developed in solution. Repeat such titrations until three . 
concordant readings are obtained. Record the observations as 
suggested in Experiment 771. 


Calculations 
Suppose 10 mL 0.05 N Mohr’s salt solution=V mL of KMnO, , 
z solution 
Therefore !0X0.05=Vx Nk Mno, 
0.5 
NKMn0,~ 7 


Strength of KMn0,="2 x 31.6 g/L 


Note. It is not necessary to weigh exactly the same amount 
as required for the preparation of exact 0.05 N oxalic acid or 
Mohr’s salt. The usual practice is to weigh accurately a small 
amount of solid substance in a analytical balance and then dissolve 
it in distilled water in a 100 mL (or 250 mL) measuring flask. Now 
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calculate the exact normality of the solution by applying the follow- 
ing formula if the total solution prepared is 100 mL. 
Normality of the given solution 
10x Amount of the substance dissolved 
Equivalent mass of the substance 


Experiment 7.3. To determine the number of water mole- 
cules of crystallization in oxalic acid crystals (H,C,0,.xH,0), M g 
of which is present in one litre of solution. Provided 0.05 N KMnO, 
solution. ’ 

Procedure. Rinse and fill the burette with 0.05 N KMnO, 
solution. Pipette out 10 mL of oxalic acid solution in a conical 
flask, To this add 10 mL of dilute sulphuric acid. Heat the solution 
to 60-70°C and titrate against KMnO, solution until a light pink 
colour is obtained. Repeat the titration till concordant values are 
obtained. 

Calculation. Let M g of hydrated oxalic acid has been dis- 
solved to make one litre solution. 

Therefore, the strength of hydrated salt=M g/L 

Let V mL of 0°05 N KMnO,=10 mL of oxalic acid solution 


N 
Vso) a 10x No xatic acid 


y 
ao ` N oxalic acid 200 


4 
Strength of anhydrous salt=559 * 45 g/L 


We know, 
Strength of hydrated salt _ Mol. mass of hydrated salt 
Strength of anhydrous salt =Mol, mass of anhydrous salt 
M 90+18x 


Va 
200 
From this equation, calculate the value of x. 
Experiment 7.4, To determine the number of water mole- 
cules of crystallization in ferrous sulphate crysials (FeSO4.xH,O), M 
g of which is present in one litre of solution. You are provided with 
a solution of 0.05 N KMnO; solution. 


É Procedure. Rinse and fill the burette with 0.05 N KMnO, 

solution. Pipette out 10 mL of the ferrous sulphate solution ina 
conical flask. To this add 10 mL of dilute sulphuric acid. Now 
titrate it with KMnO, solution until a light pink colour appears. 
Repeat the titration till concordant are obtained. 


x45 O 
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Calculations. Suppose’ M g of hydrated ferrous sulphate has 
been dissolved to make 1 litre solution. 

Therefore, the strength of hydrated salt=M g/L 


Let V mL of 0'05 N KMn0,=10 mL of ferrous suiphate 
- solution 


N 
Gara NE a 


5 
oF Neeso,= 200 


Strength of anhydrous FeSO, salt=3h5 x 152 


We know 


Strength of hydrated salt Mol. mass of hydrated salt 
Strength of anhydrous salt Mol. mass of anhydrous salt 


M__152+18 x 
V FARD 
A 


From the above expression one gets the value of x. 
ORAL QUESTIONS AND ANSWERS 


Q.7.1. What do you mean by volumetric analysis ? 

Ans. The analysis which involves exact measurement of 
volume of titre and titrant is termed as volumetric analysis, 

Q. 7.2. What do you mean by titration ? 


Ans. It is a process of running out a solution from a burette 
into a solution contained in a Conical flask or a beaker until the 
reaction is complete. The completion of the reaction is monitored 
by the use-of indicator or some other method. 

Q. 7.3. What is an indicator ? 

Ans. A substance used to determine the end point of a re- 
action is termed as indicator. It changes colour over a range of pH. 


Q. 7.4. What is a standard solution 2 


Ans. (A solution of exactly known Strength is called a stand- 
ard solution. 

Q. 7.5. What is a normal solution ? 

Aus. A solution which contains one gram equivalent mass of 
a solute dissolved per litre of the solution js termed as normal 
solution. A 
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Q. 7.6. What is normality equation ? 


Ans. According to the law of equivalents the number of 
equivalents of a substance (say acid) reacts with the equal number 
of equivalents of another substance {say base). 


Therefore, NV =NV > 

This is called the normality equation. 

Q. 7.7. What is an titrant ? 

Ans. The solution which is filled in the burette is called 
titrant. Usually its strength is known. 

Q.7.8. What isa titre ? 

Ans. The solution which is kept in the conical flask for 
titration purposes. Its strength is normally to be determined. 

Q. 7.9. What is an end point ? 

Ans. The stage at which the colour change of the indicator 
is visible to the eye is callled the end point. 

Q. 7.10. What is a molar solution ? 

Ans. A solution containing one mole of the solute per 1000 
mL of the solution is called a molar solution. 

Q. 7.14. What is a primary standard ? 

Ans. A chemical substance which can be used directly for 
preparing the standard solution. It does not experience any themi- 
cal change at room temperature. 

Q. 7.12. What is a decinormal solution ? 

Ans. A 0‘1 N solution is called a decinormal solution. 


Q.7.13. What is the strength of a solution ? 
Ans. It is the quantity of a solute present in one litre of the 
solution. It is found out by the expression, 
Strength =Normality x Equivalent mass 
It is expressed in g/L. 
Q. 7.14. What is redox titrations ? 
` Ans. The titration which involves a redox reaction, i.e. 
simultaneous oxidation and reduction, is called a redox titration. 
Q. 7.15. Is KMnO; a primary standard ? Comment. 
oe AD It gets decomposed to MnO, with time. lt may 
ae organic matter present in water used for preparing 
AO: 7.16, How will you prepare a standard solution of potas- 
sium permanganate ? ¢ 
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Ans. First of all, a solution of approximate strength is pre- 
pared which in turn is standardized against a standard solution of 
oxalic acid or Mohr’s salt. Then, it is diluted toa known volume 
to get a standard solution of known strength 


It is important to note that the solution of KMnO, is always 
made fresh as the organic water present in water reduce it to 
MnO.. Further KMnO, solution should not be filtered through 


filter paper as its organic matter will reduce KMnO,. KMnO, solu- 
tion should be filtered through glass wool, etc. 


Q. 7.17. Permanganate reaction depends upon the conditions 
of the solution. Comment. 


Ans, In acidic medium, the reaction of KMn0Q, is 
MnO;-+8H*-+Se~ -.> Mn?+-+-4H.O 
In basic medium, the reaction is 
MnO, +-2H,0+3e- —-> MnO,-+-40H- 

Since the number of electrons involved in the two reactions is 
different, the gram-equivalent mass of permanganate, will be different 
in acidic and alkaline conditions. j 

Q. 7.18. How is the burette reading taken when it is filled 
with potassium permanganate solution ? 

Ans. It is advisable to read the upper meniscus when the 
dark coloured solution like KMnO; solution is filled in a burette. 

Q. 7.19. Why is KMnO; solution not taken in a burette with 
a rubber tube ? 

Ans. Rubber, being organic iu nature reduces KMnO, to 
Mn0,. 


Q. 7.20. Why is dil. HSO, the most suitable acid as com- 


pared to HCI and HNO, in KMnO; titrations ? 


Ans. Because H,SO, does not act on the MnO,- ion in dilute 
solutions. HCI acts as a reducting agent while HNO, is an oxidiz- 
ing agent. ‘ 4 


Q 721. What is the oxidation number of manganese in 
KMnO, ? 


Ans. Oxidation number of manganese in KMnO; is +7. 


Q. 7.22, In a glass container in which a permanganate solution 
is kept [or a long time, a brown deposit is seen on the wall. 
Comment. 

Ans. KMnO; is reduced to MnO, 


i ii which gets deposited on 
the walls. 


@. 7.25. Oxalic acid solution is heated to 70°C when titrated 
against KMnO; solution. Comment. 


Ans. Heating is done to enhance the rate of the reaction and 
speed up the rate of formation of Mn?+ ions, which act as catalyst. 
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Higher temperature may decompose the oxalic acid into 
carbon dioxide and corbon monoxide. 

Q.7.24. The ferrous ion-permanganate titration is done in 
cold. Comment. 

} Ans, Ferrous ion is oxidized to ferric ion by oxygen of air 
at higher temperatures. The titration involving Fe** ions is done in 
cold solution only. ‘ 

Q.7.25. Why is dilute sulphuric acid added while preparing 
standard solution of Mohr’s salt ? 
Ans. .It is added to prevent hydrolysis of ferrous ions. 


Q..7.26. Why is brown turbidity sometimes observed in the 


titration flask while titrating KMnO; solution with oxalic acid ? 
Ans. Browncolour ora precipitate may be formed due to 
the following reasons : 
(i) Solution is cold. 
(ii) Potassium permanganate solution has been added too 
quickly. 
(iii) Sulphuric acid is not present in sufficient quantity. 


Q. 7.27. Why is Mohr’s salt used in place of hydrated ferrous 
sulphate for preparing standard solution ? 


Ans. There are two reasons for this : 


(i) Ferrous sulphate being efflorescent in nature, loses its 
water of crystallization on exposure to air. Its composition there- 
fore does not correspond to molecular formula. On the other hand, 
Mohr’s salt is not efflorescent. Therefore, its composition is fixed. 

(ii) Ferrous sulphate is easily oxidized to basic ferric sulphate 
when exposed to air. On the other hand, ferrous ammonium sul- 
phate is stable and does not oxidize. 

Because of the reasons given, Mohr’s salt is used for preparing 
standard solutton. 

Q. 7.28. How will you wash the glass apparatus which-has 
become coloured on storing potassium permanganate solution in it ? 


_ Ans. It is advised to wash the container first with water, then 
with dilute ferrous sulphate solution and finally with water. 
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UNIT 8 


Qualitative Analysis—Identification of 
Cations and Anions Present in a 
Mixture 


8.1. INTRODUCTION 


N A substance is analysed to establish its qualitative or quantita- 
tive chemical composition. An anyalsis that yields information 
only as to the identity of the ingredients is known as qualitative 
analysis. Qualitative analysis of inorganic substances is primarily 
concerned with the deteciion and identification of the ions present in 
a substance (a single substance/salt or a mixture of substances/salts), 
The salts, on dissolution in water, spilt into positively charged ions 
calied cations and negatively charged ions called anions. The cation 
is also known as basic radical and the anion as acid radical. 


In qualitative analysis, in order to identify the ions of a 
substance being analysed, other substances (solids, solutions, etc.) 
called reagents are added to it that cause chemical transformations 
accompanied with the formation of new compounds possessing 
specific properties : a definite physical state (precipitate, liquid, gas) : 
certain solubility in water, acids, alkalis and other chemical solvents, 
a characteristic colour, odour and so forth f 


The following principles has a great bearing upon the 
operations usually followed in qualitative analysis, Jaw of mass 
action, common ion effect, solubility product, complex ion formation, 
pH, etc. 

A reaction used in qualitative analysis must : 

1. occur rapidly, practically instantanously, 


2. be accompanied with the formation of isti 
i i a character: 
precipitate, gas or with the appearance of a colour, ‘acteristic 


i 3. be practically irrevesible, i.e., occur mainly in one direction, 
an 

4. be specific, if possible, and highly sensitive, 

In our scheme of qualitative anal 


> : í. ysis, we sh 
for the following cations and anions : i alamo fenit 
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Cations. Lead (II) Pb**, mercury (IJ) Hg**, copper (II) Cu?*, 
cadmium (II) Cd?*, arsenic (III) As**, antimony (III) Sb**, iron (060) 
Fe?+, iron (III) Fe?+, aluminium (III) Al'*, nickel (JI) Ni?t, cobalt 
(II) Co?*, manganese (II) Mn**, zinc (Il) Zn**, calcium (II) Ca?t, 
barium (II) Ba®*, strontium (II) Sr°*, magnesium (II) Mg?*, 
potassium (I) K+, and ammonium (I) NH,*. 

Anions. Carbonate, CO;*”; sulphite, SO,” ; sulphide, S?- 
chloride, Cl-; bromide, Br~ ; iodide, J” ; nitrite, NO.” ; nitrate, 
NO,-; sulphate, SO,?- ; phosphate, PO4°~ ; and acetate, CHsCOO-. 

For identification purposes, two cations of the same group and 
anion combinations such as (SO,2++SO,?-), (NO,.-+NO,-), 
(Cl-+Br-), etc. are not included. 


8.2. SYSTEMATIC ANALYSIS 


The salt analysis may be systematically carried out in the 
following steps : 
(i) Preliminary examination, 
(ii) Detection of anions, and 
(iii) Detection of cations. 


8.3. PRELIMINARY EXAMINATION 


In qualitative analysis, various characteristic features of the 
chemical substances being analysed are used for establishing its 
chemical composition. For example, ammonia can easily be 
identified by its characteristics smell and ammonium salts by the 
liberation of ammonia gas when the salts are heated with caustic 
soda, 


In some cases, substances are tested by dry analysis, i.e., with- 
out transferring them into solution. Such an analysis usually consists 
the examination of physical properties of the salt/mixture. It involves 
the heating of a substance to give a gas with a distinct smell and 
colour. It also consists in testing the ability of a salt/mixture to give 
a characteristic colour to a colourless flame or a certain colour to a 
melt (bead or glass) obtained when heating the substance with borax 
in the eye of platinum wire. 


8.3.1. Physical Properties 

The physical properties of a salt mixture, viz., colour, appear- 
ance and odour, etc. help in arriving at an inference regarding the 
salt mixture as given in Table 8'1. 


8.3.2. Action of Heat 


A substance on heating may sublime, decompose with evolu- 
tion of gas, or undergo certain other changes. Careful observation 
of the changes and recognition of the gases evolved help us in arriv- 
ing at some result (Table 8.2). 
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Further the colour of a salt 
e.g., copper carbonate is green 
sulphide is yellow, ferric h: 
is pink. 


[mi 


'ydroxide i 


Table 8.1. Physical Properties of salts /mixtures 


xture indicates its constituents, 


+ copper sulphide is black, cadmium 


s brown and manganese sulphate 


Physical property 


Inference 


White colour (colourless) 


Bluish or bluish green colour 
Light green colour 

Yellowish brown colour 

Light pink/buff colour 

Pink or dark pink 

Smell of ammonia gas 

Smell of hydrogen sulphide gas 
Smell of sulphur dioxide gas 
Deliquescent nature 


Pb*t, Alt, Zn?t, Cat, Batt, 
Sr?+, Mg*+ or NH,* salt may be 
present 

Cu*+ or Ni?+ salt 

Fe?+ or Ni?+ salt 

Fe** salt 

Mn** salt 

Co** salt 

NH4* salt 

S°- salt 

SO,2° salt 


CI- or NO; 


salt may be 
present. é 


Table 8.2. Action of h 


eat on salts/mixtures 


= Observation Inference 


2 


Chemistry involved 


Presence of some 


Salt appears to be 
hydrated salt 


melting 


NH;* salt may be 
present 


White sublimate 


Ammonia evolves, NH¢ salt 


detected by smell 


Carbon dioxide gas 
evolves, detected by 
allowing the gas to 
pass through lime 
water 

Iphur dioxide gas 
Sies, detected by a 
filter paper soaked in 


CO,2- present 


Paper turns green 


may be present 


Lime water turns milky, C. 


508%, S:0,°-, or SOs and sul 


Hydrated salt dissolves 
water of crystallization 
appears to have melted, 
Some ammonium salt decom- 
poses on heating leaving behind 
a sublimate : 
(NH4)sSOx(s) —> NH,(g) 
+NH,HSO;(s) 
Ammonium salts decomposes on 
heating to give ammonia : 
(NH4)sCOs(s) —-- NH;(g) 
+CO,(s)+H,O(g) 
Carbonates decompose on heat- 
ing to give carbon dioxide : 
CaCO,(s) —+ CaO (s)-+COx(2) 
Ca(OH)2+-CO. > CaCO,+H,0 


in its 
and 


Some sulphites, thiosulphates 
phates decompose to give 


sulphur dioxide : 
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Observation Inference Chemistry involved . 
K,Cr,O; solution 2FeSOu(s) —> Fe20,(s) 
t +S02(g)+S0,(g) 
2CuSO«(s) —> 2CuO(s) 
A +2SO2(g)+Oa(g) 
Nitrogen dioxide gas NO,- present Nitrates decompose to give 
evolves, detected by nitrogen dioxide : 
its colour and 2Cu(NO3)a(s) —-> 2Cu0(s) 
irritating smell +O2(g)-+4NO,(g) 


Colour of the salt . 
changes from 


(i) blue to white Cu?+ salt Some salts change the colour 
(ii) green to yellow Ni% salt either by losing water of cry- 
(iii) yellow (when hot) stallization or due to the change 
to white (when cold) Zn2+ salt in state : 
CuSO, 5H,0(s) —> CuSO,(s) 
(Blue) (White) 
+5H,O(g) 


8.3.3. Flame Test 


Certain cations can be identified by the colour which they 
impart to the colourless flame of burner; sodium salts turn it 
yellow ; potassium salts, voilet ; calcium salts, brick red ; barium 
salts, green ; copper salts, blue-green; and so forth. Thus, this 
property can be helpful in identifying the various metal ions. Fora 
particular clement the flame colouration remains the same irrespec- 
tive of whether the element is in the free state or combined with 
other elements. For example, metallic copper, copper sulphate, 
Copper nitrate, copper chloride and copper carbonate all impart 
blue-green colour to the flame. The colour is characteristic of copper 
in all its forms. The flame test is usually carried out with the 
chloride of the metal as it is more volatile than other salts. The 
given salt is treated with concentrated hydrochloric acid (to convert 
it into the chloride form) and placed in the eye of platinum or 
nichrome wire. The wire is then heated in an oxidizing inon- 
luminous) flame when it imparts a characteristic colour to the flame 


Table 8.3. Flame Test 


Flame colour by naked Flame colour through Infer: nce 
eye blue glass 
ee. 

Deep blue green Bluish green Cutt 
Brick red Light yellow Ca?+ 
Apple green Bluish green Ba2+ 
Crimson (deep red) Purple Sret 
Violet Pink $ K+ 


a= a 


- 114 


(Table 8.3). Platinum or nichrome wire is suitable for the flame test 
because it neither melts nor imparts colour to the flame. Ordinary 
salts may be associated with an impurity of a sodium salt and give 
a yellow flame for short duration. To overcome this difficulty, the 


flame may also be viewed through blue glass (cobalt glass) which 
absorbs the yellow sodium light. Š £ Bese) whl 


Procedure for the flame test. Make a circular loop (eye) 
at the end of a platinum (or nichrome) wire sealed in a glass tube. 
Dip it into concentrated hydrochloric acid and heat it in a non- 
luminous flame. Repeat this process until the platinum wire imparts 
no colour to the flame. 


Prepare a paste of the salt with conc. hydrochloric acid in a 
watch glass. Take a small amount of the paste in the eye of the 
wire and heat in the oxidizing flame (Fig. 8.1). The salt melts in 
the burner flame, forming a bead. The bead is dipped for an instant 
Into paste. Chloride compounds being volatile produce a coloured 
flame. First observe the colour imparted to the flame with the 
naked eye and then through the blue glass. 


COLOURED 


Fig. 8.1. Detection of some elements by flame test— 
> carrying out a test, i 


Notes about flame test 


1. The order of appearance of colour in the flame is (i) Nat 
ii) Kt, (iit) Cu®*, (i) Ca®*, (v) Sr?*+ and (vi) Bat*, ONES 
2. Presistent golden yellow colour of sodium usually conceals 


all other colours of flames. When all the sodium is removed, the 
other flames make their appearance. 


eid Everytime this test should be performed with a thoroughly 
cleaned wire, so that any salt adhering to it does not impart its 
colour to the flame. 


115 


4. Never dip the platinum wire into the bottle of conc. HCl 
for cleaning it. Always use a few mL of the conc. acid in a test 
tube for this purpose. The acid after use should be thrown into the 
sink. 7 

5. Do not use the acid, which is employed for cleaning 
platinum wire, for making paste of mixture. 


8.3.4. Charcoal Cavity Test 

This test is carried out for the detection of the cation present 
in a salt mixture. On heating the mixture of the salt and sodium 
carbonate (or fusion mixture) in a charcoal cavity, the metal 
carbonate is formed by double decomposition. The carbonate on 
further heating decomposes to the oxide, which is left as a coloured 
residue in the cavity. The cdlour of the residue is characteristic of 
the metal present. The metallic oxide, at times, is teduced to the 
metal by the reducing action of the charcoal resulting in the for- 
mation of metallic bead. The metal formed may also form an oxide 
with oxygen present in air. The oxidé deposits in the form of layer 
or crust around the cavity called incrustation. The colour of the 
residue, bead or incrustation helps in identifying the metal, " 

Procedure for charcoal cavity test. Make a small cavity in 
a charcoal-block with a knife or cavity borer [Fig. 8.2 (a)]. Fill the 
cavity with the mixture of the salt (1 part) and sodium carbonate or 
fusion mixture (2 parts). 


Moisten the mixture with a drop of water. Hold the charcoal 
block in the left hand and deflect the reducing flame* upon it with 


(a) Making’ cavity (6). Performing charcoal-cavity test 
Fig, 8.2. 


È : = 
í in a reducing flame make the bunsen-burner flame Juminous by 
[closing ‘te AGT of the burner. Keep the nozzle of the blow pipe just out- 


ity. 
side the flame and blow gently on to the ay y. 
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the help of a blow-pipe for about two minutes [Fig. 8°2 (b)]. Observe 
the colour of the incrustation (a crust around the cavity) and the 
residue (hot and cold). At time metallic bead formation takes place. 


Draw the inference (Table 874). 


Notes about charcoal cavity 


1. Always make a fresh cavity fora fresh salt. 


2. While making a cavity do not apply pressure otherwise it is 


likely to crack. 


3. Do not make s very deep cavity and there should be some 


space around it for incrustation to form. 


4. While performing charcoal cavity test always moisten the 
mixture with a drop of water otherwise the mixture is likely to be 


blown away. 


Observation 


White residue, no 


Inference 


Al, Ca, Ba, Sr or 


Table 8.4. Charcoal cavity test 


Chemistry involved 


Corresponding metal oxide is 


i i Mi t formed e.g., 
incrustation, ig presen! DAES ORe TATION 
Red residue, no Cu present CuSO,+NaCO2 —> cico; 
incrustation Cuco, —> Cuo+c0, a:S0; 
Cu0+C —+ Cu + CO 
: (Red) 
Brown residue, | Cd present CdSO.+Na,CO, —+ CdCOs 
brown incrustation +Na.SO. 
ne CdCO;—> cdo + Coe! 
(Brown) 
Black residue, no ` Fe, Ni or Mn Corresponding metal oxide is 
incrustation present formed 
Shinning metallic Pb present Pb(NO;)2+NazCO3 —+ PbCOg 
bead, yellow +2NaNO, 
incrustation PbCO, —> PbO+CO, 
PbO+C—+> Pb +CO 
(Metallic 
d bead) 
Yellow residue, and Zn present ZnS04+Na:CO, —+ ZnCO3 
ellow incrustation --Na,SO4 
(when hot), white ZnCO3—> ZnO +CO, 
residue and white (Residue) 
incrustation (when Zn0+C —+ Zn+CO 
cold) 2Zn+O2.—+ 2ZnO 


(Incrustation) 
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8.3.5. Cobalt Nitrate Test 

This is an extension of the charcoal cavity test. This test is 
performed only when a white residue is formed in the cavity. Add 
a drop of cobalt nitrate solution over the white residue. Heat it 
again in the non-luminous (oxidizing) flame with the help ofa blow 
pipe. Note the colour of the residue formed and draw the inference 
(Table 8.5). 


8.3.6. Borax-bead Test 


This test is used for the detection of cations in coloured salts 
of copper, iron, nickel and manganese. 

When borax (Na,B,0, 10H,O) is heated, it fuses, loses water 
of crystallization and swells up into a white porous mass which then 
melts into a clear transparent glassy bead, composed of sodium 
metaborate and boric anhydride. f 

Red heat 


Heat 
Na,B,07.10H,O0 ——> Na,B,O, -——— 2NaBO, + BO; 
(Glassy bead) 


Table 8.5. Cobalt nitrate test 


Observation Inference Chemistry involved 
Blue residue Aluminium 2Co(NOs)2 —> 2CoO0+4NO2+O2 
5 salt CoO+ AlO, —+ Co(AlOz)2 
(Al oxide (Blue residue) 
in cavity) 
Pink residue Magnesium 2Co(NO;)s —> 2CoO+4NO2+0, 
ar ; CoO+ ‘MgO —> CoO.MgO a 
(Mg oxide (Pink residue) 
in cavity} 
G „resid i It 2Co(NOs)z —> 2CoO+4NO,+0. 
reen. residue Zinc sal ae OO joa OZO 


(Zn oxide (Green residue) 


When this bead is heated with coloured mixture, a characteris- 
tic coloured bead of metaborate (metal oxide from metal salt reacts 
with bead) is formed. Thus with copper salts a green metaborate 
(while hot) is obtained in the oxidizing flame : 

CuSO, —> Cu0+S0; 


Cu0+B,0; —> Cu(BO,), 


Cupric metaborate 
(Blue green) 


In reducing flame, higher metaborates are reduced to lower 
metaborates or metal, consequently colour changes may occur. Thus 
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in case of cupric metaborate the following changes occur in the 
: reducing flame. 3 


2Cu(BO.), + C. —+ 2CuBO, + B,O,+CO 


(From reducing Cuprous metaborate 
flame) ) (Colourless) 
2CuBO,+C —-> 2Cu +. B,O;+CO 
(Reddish) 


Procedure for a borax bead test. Take a platinum wire 
and make a loop at the end of the wire. Heat the loop in flame and 
dip it into. borax powder taken in a watch glass. Heat it again, 
when the borax swells up and then melts to form a colourless, trans- 
parent bead which fills the loop completely. If the bead is not 
colourless and transparent, jerk it off, and prepare the bead again. 
Now bring the hot bead in the contact of a coloured salt and heat it 
again, first in oxidizing flame [Fig. 8.3 (a)]. and then in a reducing 
flame [Fig. 8.3 (b)]. Note the colour of the bead in each case (hot 
and cold) and draw the inference (Table 8.6). 

Notes about borax bead test 


1. Before touching the borax bead with the test salt or mix- 
ture, make sure that the bead is transparent and colourless. If it is 


Table 8.6. Borax-bead test 


Observation Inference -Chemistry involved 
In oxidizing In reducing 
flame flame 
Green when hot — Copper CuSOi+B20, —-> Cu(BO;),+SOs 
blue when cold y (From (Green 
. bead) when hot, 
blue when 
cold) 
aE Colourless Copper 2Cu(BO2)—-2CuBOa +B,0;+C0O 
when hot, red +C (Colourless 
when cold when cold) 
2CuBO, —+ 2Cu-+B20,+CO 
+C (Red when 
hot) 
Reddishbrown Yellow when. Iron In both the types of flames 
when hot, yellow hot, green Fe(BO2)z is formed 
when cold when cold 
Violet, hotor Colourless, Mang- In both the types of flames 
cold hot or cold anese = Mn(BOs), is formed 
Brown, hot or = Nickel Ni(BO,)2 is formed 
col 


a Grey when cold Nickel Metallic nickel is obtained 
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REDUCING 
FLAME 


@ (b) 
Fig. 8.3. Carrying out a borax-bead test. 
coloured, the platinum wire is not clean. In such cases, jerk off the 
bead by a tap with your finger at the glass rod carrying wire. Prepare 
a fresh bead once again until it is colourless and transparent. 

2. Do not perform this test with a colourless salt or mixture. 

3. Always use a very small amount of the coloured salt or 
mixture. , 5 

4. The students should keep in mind that colour of the bead 
changes with temperature. 
r The physical examination and dry tests, thus, can help in 
identifying the anion and cation present in a given salt. However, it 
is essential that wet tests should be performed to confirm their 
presence. We shall now proceed with the identification of the anion 
present in the salt mixture. 
8.4. DETECTION OF ANIONS 

Anions or identifying purposes, are divided into three groups : 

(i) Dilute sulphuric acid group. This group includes 
carbonate (CO,?-), bicarbonate (HCO,-), sulphite (SO,? ), sulphide 
(S?) and nitrite (NO,—) anions. 

(ii) Concentrated sulphuric acid group. This group 
includes chloride (CI), bromide (Br~), iodide (7), nitrate (NO) 
and acetate (CH,COO*) anions. 

(iii) A group not identified by dilute or concentrated 
sulphuric acid, This includes sulphate (50,7). and phosphate 
(PO) anions. They are identified by other reagents. 
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| ‘on i ‘ed for 
: It solution is prepar 
ion of salt solution. A sa bigan water! 
f ma Teen erts for anions. Some salts are very sO eae ateri 
whereas other ate, partially se joal(eatied water extract) or 
eous solu 
Thus, we may prepare the aqu 


i ding upon its 
sodium carbonate extract of the salt/mixture depending 
solubility. 


W t 1 z ni j es acetates and 
er extract All common nitrates, itrit 3 
“at A ) 


: distilled water 
Boil 1-2 g of the salt/mixture with 120g aA aate oii 
for 5 min. If the salt/mixture dissolves REEE If there is any 
-= in small quantities to obtain a concentrate son i> known as water 
Suspension, filter the solution. This solu 
extract (we shall refer to it as W.E.). 


t 
t/mixture is no 
the given sal tract 
; te extract. If . ; carbonate ex 
Gorey asisbie Gaaclatle in water, its sodium 
is prepared: ` 


è dium carbonate 
ixture and 4-8 g of so boil for 

: pake l-2 g orane sua i, of distilled Fig. OH The 

bot 20 a [Fig. 8.4 (a)]. Filter Sea hats extract (we shall 

filtrate thus obtained is called sodium carbo 

refer to it as S.E.). 


i carbonate, 
a j ter and sodium epar 
ili ixture with wa te of meta 
raS ialt/mi place forming AO For example 
(insoluble) ana sodium salt of the acid radic hosphate salt is bol e 
when a mixture containing Sot fe) MLS LEE S Ee naie (insoluble) an 
With sodium carbonate solution, pea ca 
sodium phosphate (soluble) are formed. 


O -;- 2 N aal PO 4) 2 
Ba,(PO,4)2+3Na,CO; iE “Ke able) (Soluble) 


SODIUM CARBONATE 
DISTILLED WATER 


WIRE GAUZE 


r 
Se  \ — A 

(eeteee+ e iiss tt 
eeiiitl; Sa eee 2552s. 
EEH Spe A 
HEHH Ane = — AHHAA 

att 
wk POS Lee fe 


(a) (») 


Fig. 8.4. Preparation of sodium carbonate extract. 
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Sodium carbonate extract contains an excess of unreacted 
sodium carbonate which interfere in the usual tests of anions. Thus 
jt is imperative to destroy the excess of sodium carbonate. This is 
accomplished by acidifying the extract. The choice of the acid 


depends upon the anion to be tested. 


Dilute sulphuric acid group | 
Treat the salt/mixture with dilute sulphuric acid (Table 8.7) 
and observe the reaction. This treatment will help us in finding 
out which one of the following anions is present: (i) carbonate, 
(ii) bicarbonate, (iii) sulphide, (iv) sulphite, and (v) nitrite. 
Table 8.7. Identification of cOo,*-, HCO, , S*-, 
SO,?— and NO,- 


See eS r a 


Experiment 


SS 


R 1. Take a little of the salt/mix- 
ture in a test tube and add 
dil HeSO,. Observe if any 
reaction takes place in cold. 
Warm gently and observe 


the gas. 


2. If there is biisk efferves- 
cence, pass the gas through 
lime water (Fig. 8.5). 


3. Ifarotten egg smelling gas 
evolves, bring a piece of 
filter paper soaked in 


(i) acidified lead acetate 
solution near the gas 


(ii) acidified potassium per- 


manganate solution 
near the gas 

(iii) acidified potassium 
dichromate solution 


near the gas. 


4. To 1 mL of W.E. or S.E. 
add afew drops of sodium 
nitroprusside solution to 
which a few drops of alkali 


Observation 


(i) Brisk effervescence 


(due to evolution ` 


of CO,). 

(ii) Rotten egg smelling 
gas (due to evolu- 
tion of H,S) 

(iii) Suffocating odour 
of burning sulphur 
(due to SO,) 

(iv) Light brown gas 
with pungent odour 


Solution turns milky 
due to the formation 
of CaCOs) 


Paper turns black (due 
to formation PbS) 


Violet colour decolou- 
rizes (due to formation 
of MnSO,) and a yellow 
turbidity of S appears 


Acquires. light green 
colour’ (due to forma- 
tion of Cre (SO,)s and 
a yellow turbidity O 
appears 


Violet or purple colour 
due to formation O 
Na,[Fe(CN)s;NOS] 


Inference 


eee 


CO32- or 
HCO,- present 
S2- present 


SO,2- present 


NO» present 


CO, 


confirmed 


s?- confirned 


S2- confirmed 


g2- confirmed 


s2- confirmed 


oT T Contd. 
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Experiment 


Obsérvation 


Inference 


Bh 


10. 


Acidify 1 mL of S.E. with 
dilute acetic acid and add 


1 mL of lead acetate 
solution 


Add 0.2 g of cadmium car- 
bonate (powder) to 2 mL of 
S.E, and shake well. 


On treating the salt/mixture 
with dil. H2SO,, if there is 
suffocating odour of burning 
sulphur (pungent gas) bring 
a filter paper soaked in 
(i) acidified potassium per- 
Manganate solution nea; 


the gas i 
(ii) acidified potassium 
dichromate solution 


near the gas 


Acidify 1 mL of S.E. with 
dilute acetic acid, boil off 


CO, gas and now add 1 mL 
of BaCl, solution. 


On treating the salt/mixture 
if brown gas evolves brin: a 
small piece of filter paper 
dipped into starch+KI solu- 
tion. 


Neutralize 1 mL of S.E. with 
acetic acid. Add ~0,2¢g 
KCI+4 drops of cobalt 
chloride and warm. 


Black ppt. (due to for- 
mation of PbS) 


Yellow ppt. of CdS is 
obtained 


Violet colour decolou- 
rizes due to formation 
of MnSO, (colourless) 
Orange colour turns 
green due to formation 
of Cr.(SO.)s x 


A white ppt., soluble in 
dilute HCI is obtained 
(BaSOs) 


Paper turns blue due to 
the reactions of starch 
and I, 


On standing a yellow 


ppt. of oe 
K,Na[Co(NO2)«] is 
obtained. 


Distinction between carbonate and bicar 


Dissolve about 0.5 g of the salt/mixture i 
water and divide it into 2 parts. 


(a) To Ist part add a few drops of dil. 
cence aue to evolution of CO, indicates bica 


Na,CO,+2HCIl —> H,0-+CO,+2NaCl 


NaHCO,+HCl ——> NaCl4-H,O+ CO, 


(b) To 2nd part add 0.5 mL of MgSO, solution and shake well. 


Formation of a white ppt. in cold confirms the presence of soluble 
carbonate. $ 


Mp?+-+CO,?> ——> MgCO; 4 


White ppt. 


S*- confirmed 


À 


S2- confirmed 


SOs- : 
confirmed 


S02- 
confirmed 


SOs-* 
confirmed 


NO,- 
confirmed 


NOs- 
confirmed 


‘bonate ions 
n 4 mL of distilled 


Hcl. A brisk efferves- 
bonate or carbonate. 
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BLUISH: 
DUE To 
f v a COGAS 
| ' 
1 
| 


Q 
Qy, 


SALT 


Fig. 8.5. Passing carbon dioxide through lime water. 


If no ppt. appears in cold, then heat:to boiling. Formation of a 

white ppt. confirms the presence of bicarbonate : 
Mg?t-++2HCO;- —> Mg(HCOs), 
Mg(HCOs)2 PESA MgCO; 4 ap H,O-+CO, 
A (White ppt.) 

The chemistry involved in the tests performed (Table 8.7) to identify 
CO,?-, HCO,, S*-, SO, and NO, ions is outlined below : 
Reactions 

1. (i) Carbonates and bicarbonates decompose on reacting 
with dilute sulphuric acid. Carbon dioxide gas evolves with brisk 
effervescence. 

CaCO,+HSO. —> CaSO,+-H,0 +CO,(g) 

2NaHCO,-+H:SO, ——> Na,SO,+-2H,0+2C0,(g) 

(ii) Sulphides react with dilute sulphuric acid and a rotten-egg 
smelling hydrogen sulphide gas evolves. 

Na,S+H,SO, ——> Na.SO,+ H.S(g) 

(iii) Sulphites when react with dilute H,SO, give suffocating 

odour of burning sulphur (pungent smelling sulphur dioxide gas). 
Na,SO,+H,SO, — > Na,SO,+ H,O+S0,{g) 
(iy) Nitrites react with dilute H,SO, giving brown coloured 


NO, gas. 
2NaNO,+H,SO, —-> Na,SO.,+-H,0 + NO(g)+NO.(g) 
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2. Lime water reacts with carbon dioxide gas and turns milky 
due to the formation of calcium carbonate. 
Ca(OH). + CO, —+> CaCO,'s) 
Lime water . ` (Milky white) 


Precipitate of calcium carbonate reacts with more of cots 
dioxide and milkiness disappears due to the formation of soluble 
calcium bicarbonate. 

CaCO,(s)+ CO, ——> Ca( HCO,).(aq) 
(Insoluble) (Soluble) 

3. (i) Lead acetate 
with hydrogen sulphide 
sulphide (black in colour). 


(CH;COO),Pb+H.S —> 2CH,COOH-+PbS(s) 


(Black) i 
(ii) The violet colour of the potassium permanganate paper 1S 


discharged due to the formation of managnese (IL) sulphate (colour- 
less) and a yellow deposit appears. KMnO, oxidizes H,S to ane 
E fioi T SO, +5H,S — )4+-8H,0+5S(s 
ape) woe EASO MSO poe (Yellow) 

ioured potassium dichromate paper acquires a 
green colour due to the eae of chromium (LI) sulphate 
oe and a yellow deposit appears. KeCraO, oxidizes H,S to 
give S. 


Paper acquires black colour on interan ins 
gas. This is due to the formation 0 


(iii) Orange co 


Kc ),(aq)-+7H,0-+38(s) 
roroa 1H:80s+3H,S ——. K501 CrO KA 


4. Su 


lphides react with sodium nitroprusside forming a violet 
coloured 


complex, Na,[Fe(CN),;NOS]. 


Na,S +Na,[Fe(CN,)NO] —-> Na,[Fe(CN),;NOS](aq) 
Sodium nitroprusside (Violet) 


5. Sulphides react with acidic lead acetate solution forming 
black precipitate of lead sulphide. 


HiS+(CH,COO),Pb —-> 2CH,C Ronee) 

«4.07, Sulphides react with cadmium carbonate. A yellow preci- 
Pitate of cadmium sulphide is obtained. 

NayS-+Cdcn, — > Na,CO,4 CdS (s) 


l (Yellow) : 
«2 (0) The violet colour of potassium permanganate paper 18 
discharged on rea 


cting with sulphur dioxide due to the formation ye 
manganese (It) Sulphate. Sulphur dioxide acts as a reducing agent- 
2KMnO,+3H,SO, ——> K,SO,-+2Mn$O,--3H,0+5(0) 
580,+5H,0-+5(0) ——> SH,SO, 
2K MnO, 580, 17 = = 5 
Violeti 802 +2H,.0 ——> K_S0.42H,80,42MnS0, 
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(ii) Orange coloured potassium dichromate paper acquires a 
light green colour on reacting with sulphur dioxide and due to the 
formation of Cro{SO4)3. Sulphur dioxide acts as an reducing agent. 

K,Cr-07-+H,S01+3S0; ——> K,SO,+H,0+ Cro(SO,)s 
(Orange) (Green) 

8. Sulphites react with barium chloride solution forming a 
white precipitate of barium sulphite. Barium sulphite is soluble in 
dilute hydrochloric acid. 

Na,CO,+ BaCl, —-> 2NaCl+ BaSO; (s) 
(White) 
BaSO,-+2HC! ——> BaCl,+H,0+SO, 

9. Starch-iodide paper turns blue due to the liberation of 

iodine from iodide by nitrous acid which reacts with starch. ; 
KI+2HNO, ——> 2H,.0+2NO+1, 
(From NO27) 
T,+Starch —— Blue colouration 


10. Nitrites react with cobalt chloride in the presence of acetic 
acid. A yellow crystalline precitate of Ka Na[Co(NO,)s] is formed, 
6NaNO,-+-2KCI-+CoCl; ——> K,Na[Co(NO,)g](s)+- 5NaCl 
(Yellow) 
Concentrated sulphuric acid group 


Take about 0°5 g of the solid salt or mixture in a dry test-tube, 
add about 1 mL of conc. HaSO,. Warm the contents (do not boil). 
Look for the presence of: (i) chloride, Cl, (ii) bromide, Br-, 
(iii) iodide, I-, (iv) nitrate, NO7 and acetate, CH,COO-. 


Table 8.8. Identification of C1“, Br-, -, NO; and CH,COO™ 


Experiment Observation Inference 


` 1, Take a small quantity of the (i) Pungent smelling Ci- 


salt/mixture in a test-tube and and irritating gas present 
add conc. H2SO4. Observe (due to evolution of 
if any reaction takes place in HCl) 
cold Warm gently and (ii) Reddish brown fumes Br- 
observe the gas evolved. evolves (may be due present 
, to HBr and Bra) 
(iii) Violet vapours 1- present 


(iv) Light brown fumes NO3- 
with a characteristic present 
irritating smell (due 
to NO% gas) 

(v) Vinegar smell CH,COO- 
ie present 
2. If a pungent smelling gas evolves 
(i) Bring a glass rod carrying a. Dense white fumesof Cl- 
drop of ammonia solution NH,Cl are produced present 
near the issuing gas 
(Fig. 8.6) 


Contd, 
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Experiment 


Observation 


Inference 


3. 


(ii) Add_a small amount of 
MnO, to the reaction mix- 
ture and heat it. 

(iii) Bring moist iodized starch- 
paper near the opening of 
the test-tube in (ii). 

(i) Acidify 1 mL of W.E. or 
S.E. with dilute HNO, and 
add AgNO; solution. 


(ii) Add aqueous ammonia to 
the white ppt of AgCI. 


. Chromy] Chloride Test: Take a 


smare amount of mixture salt 
(1 part) and K2Cr,O, (1 part) 
in a test tube, Add conc. 
H,SO, and heat. 
` Pass the red vapours of 
CrO,Cl, through dil. NaOH 
solution. 
Acidify the yellow solution 
with acetic acid and add lead 
acetate solution, 
If a salt/mixture on treating 
with conc HSO4 produces 
brown fumes of HBr and Bre 
(i) add a small quantity of 
MnO, to the reaction mix- 
ture and heat it 
(ii) Expose a starch paper to 
the issuing fumes 
. (i) Acidify 1 mL of W.E. or 
S.E. with dilute HNO; 
and add AgNO; solution 
(ii) Add aqueous ammonia 
solution to the yellow ppt. 
. Acidify 1 mL of W.E. or S.E. 
with dilute H,SO,. Add 2 mL 
of an organic solveit (CS, 
CHCI;, CCl, or benzene) 
followed by chlorine water. 
Shake the tube well. 


. Ifa salt/mixture on treating 


with conc. H,SO,; produces 

violet vapours of iodine 

(i) Add a small amount of 
MnO, to reaction mixture 
and heat 

(ii) Expose a starch paper to 
the issuing vapours. 

(i) Acidify 1mL of W.E. or 
S.E. with dilute HNO, 
and add AgNO, solution. 


Greenish yellow Clz 
gas evolves. It has a 
pungent odour. 
‘Dark blue colour 
appears. 


Dirty white ppt. of 
AgCI appears which 
turns grey on getting 
exposed to light. 

ppt. dissolves forming 
a soluble complex 


Red vapours of chro- 
myl chloride are pro- 
duced. 


Yellow solution of 
sodium chromate is 
obtained. 

Yellow ppt. of lead 
chromate is obtained 


Dark brown fumes of 
Brz evolve 


_ Starch paper turns 
yellow 
Light yellow curdid 
ppt. of AgBr 


Sparingly soluble in 
ammonia solution 
Organic layer acqui- 
res yellow, red ‘or 
brown colour depen- 
ding on the concent- 
ration of Br, and on 
the solvent 


Dense violet vapours 
evolve 


Starch paper 
blue, 


Yellow curdid ppt. 
Agl id ppt. of 


turns 


Cl- 
present 


cl- 
present 


cl- 
confirmed 


ci- 
confirmed 
ci- 
confirmed 


Ci; 
confirmed 


confirmed 


Br- 
present 


Br- 
present 
Br” 
confirmed 


Br- 
confirmed 


Br- 
confirmed 


= 
present 

I- 
confirmed 


confirmed 
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Experiment 


Observation 


Inference 


(ii) Add aqueous ammonia - 


solution to the yellow 
ppt. 

Acidify 1 mL of W.E: or S.E. 
with dilute HaSO,. Add 2 mL 
of an organic solvent (CS, 
CHCI,, CCl4 or benzene) and 
about | mL of chlorine water. 
Shake well. 


If a salt on reacting with conc, 

H,SO4 produces light brown 

fumes, ` 

(i) Add copper turnings to 

the reaction mixture and 
heat. ' © 

(ii) Expose a moistjpotassium 
iodide paper to the issu- 
ing fumes 


(iii) Expose a- moist iodized 


Starch paper to 
issuing fumes, 
To W.E. add freshly prepared 
ferrous sulphate solution 
followed by conc, HaSO4 
along the side of the tube. 


the 


If a salt/mixture on reacting 
with conc. HSO, gives vinegar 
smell, add a few mL of ethyl 
alcohol 


To W.E. add neutral ferric 
chloride solution 


Heat the blood-red coloured 
solution 


Insoluble in aqueous 
ammonia 


Organic layer extracts 
iodine and becomes 
red-violet. 


Dense brown fumes 
eyolve 


The paper 
yellow colour 


acquires 


The paper acquires a 
blue colour 


Conc. H,SO, forms 


the bottom layer. A 
brown ring appears 
at the junction of 
the two liquids due 
tothe formation of 
complex, 


Pleasant odour 


Blood red coloured 
solution 


A red brown ppt. of 
basic acetate is pre- 
cipitated 


E 
confirmed. 


confirmed. 


No,- 
present 


NO,- 
present 


NOs- 
present 


NO,- 
confirmed, 


CH;COO- 
present 


CH;COO- 
confirmed 
CH;COO- 
confirmed 


10. 
I. 
12, 
13, 
14, 
4 
4 


brown fumes evolve with a` 
gen bromide and bromine. 
in reaction acts as reducing 


NaBr+H,S0O, —> NaHSO,+ HBr (g) 


H,SO,. A pungent 


3 The chemistry involved in the tests 
identify CI-, Br-, I, NOs- and CH;COO- 


Reactions. 


NaCl+H,SO, —— NaHSO,-+-HCi (g) 
Hydrogen chloride 


(ii) Bromides react when heated with conc. H.SQ,. 

penetrating odour of a m 
SO, is also produced as 
agent. 


performed (Table 8.8) to 
is outlined below : 
1. (i) Chlorides react when heated with conc. 
smelling and irritating gas evolves. 


Hydrogen bromide 


Reddish 
ixture of hydro- 


HBr produced 


Fig. 8.6. Testing the issuing gas with reagent-dipped glass rod 


‘2HBr+H.SO, ——> Br, (g)-+SO.(g)-+-2H,O 
Sulphur dioxide 
(iii) Iodides react when heated with conc. H,SO,. Dense violet 
vopours evolve. Some hydrogen iodide gas also forms which reduces 
H,SO, to SO», HS and S. 
NaI+H.SO, —~> NaHSO,+HI (g) 
Hydrogen iodide 
2HI+H,SO, ——> 2H,0+1.(g)-+SO, (g) 
Sulphur dioxide - 
6HI+H,SO, ——> 3I,+S (s)+4H,O 
Sulphur 
8HI-++H,SO, ——> 41,-+H,S (g)-+4H,O 
Hydrogen sulphide 
(iv) Nitrates react when heated with conc H.SO,. 
brown fumes of nitrogen dioxide evolve. A 
. NaNO;+H,SO, ——> NaHSO,+HNO, 


4HNO, ——> 2H,0+0,+4NO, (g) 

d: RE ENT s Nitrogen dioxide 

y) Acetates react when heated with conc. H, 
is formed which smells like vinegar. Sao 

2NaOOCCH;-+H,S0, ——> 2CH,COOH-+Na,SO, 

2. (i) Aqueous ammonia reacts with hyd i 

forming dense white fumes of ammonium Aen ee oe 
NH3+HCl —> NH,CI (g) 
(Dense white fumes) 


Irritating 


Acetic acid 
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(ii) Manganese dioxide oxidizes hydrogeu chloride to chlorine 
gas (greenish yellow). 
MnO,+4HCl —> MnCl,+2H,0+Cl, (g) 
ee (Greenish yellow) 
(iii) In the presence of Cl iodine vapours are produced which 
in turn, react with starch paper imparting dark blue colour. 
2KI+Cl, —> 2KCI +I, (g) 


3. (i) Solution of chlorides react with silver nitrate forming a 
dirty white precipitate of silver chloride. It turns grey on getting 
exposed to light. i 

NaCl-+ AgNO; —> NaNO,+-AgCl (s) 
2 (Dirty white) 

(ii) The ppt. of AgCl dissolves in aqueous ammonia forming a 
soluble complex, [Ag(NH,)-]Cl. 

AgCi+2NH; ——> [Ag(NHs)2]Cl (aq) 
Diammine silver chloride 

4. A mixture of chloride and potassinm dichromate with conc, 

H,SO, gives red vapours of chromyl chloride, CrO,Cl. 


Heat 
4NaCi+ K,Cr,0,+3H,SO,>K,SO,+2Na,SO,4+ 3H,0 +2CrO,Clo(g) 
(Red vapours) 
Chromy! chloride 


Red vapours of CrO,Cl,, when passed through a solution of 
sodium hydroxide, react to form a yellow solution of sodium chro- 
mate. 


CrO,Cl,+-4NaOH ——> 2NaCI+2H,04 Na,C10, 


odium chromate 

Sodium chromate reacts with lead acetate in the presence of 

acetic acid to give a yellow precipitate of lead chromate. 
Na,CrO,+(CH,COO).Pb ——> OCO OS ie LAs) (s) 
E ellow, 
Lead chromate 

5. (i) Manganese dioxide oxidizes hydrogen bromide gas to 

bromine vapours. 
MnO,+-2HBr+H2SO, —-> MnSO,+2H.0+ Br, (g) 
(Brown) 

(ii) Bromine vapours react with starch forming a yellow 
coloured complex, hence, the paper becomes yellow. E 

6. (i) Solution of bromides react with silver nitrate forming a 
light yellow curdid ppt. of silver bromide. 

NaBr+AgNO; ——> NaNO, + AgBr 
(Light yellow) 

(ii) The ppt. of AgBr is sparingly soluble in aqueous ammonia 
solution, forming a soluble complex [Ag(NHg),]Br. 

7. Chlorine water oxidizes bromides to bromine. Organj 
solvent extracts the liberated bromine and acquires a yellow cree 


130 


colour depending upon the concentration Of bromine and on the 
solvent. sh 
2NaBr+CCl,—-2NaCl + Br 
(Soluble in organic solvent) 

8. (i) Hydrogen iodide is readily oxidized to iodine by 

manganese dioxide when more of violet vapours of iodine evolve. 
MnO,+2HI+H,SO, —-> MnS0,+2H,O +  I(g) 
(Violet) 

(ii) Iodine vapours react with starch forming a blue coloured 
complex ; hence the paper becomes blue. 

9. (i) Solution of iodides react with siver nitrate to give a 
yellow curdid precipitate of silver iodide. 

Nal+AgNO; — > NaNOs+Agl(s) 
(Yellow) 

(ii) The precipitate of AgI is insoluble in aqueous ammonia. 

10. Chlorine water oxidizes iodides to iodine. O ganic solvent 
extracts the liberated iodine and acquires red violet colour. 

2NaI+Cl, ——> 2NaCl + I: 
(Soluble in organic solvent) 

11. (©) Copper turnings react with nitric acid produced in the 
reaction mixture forming more of nitrogen dioxide. hence the dense 
brown fumes. 

NaNO,+H,SO, —-> HNO,+NaHSO, 
Cu+4HNO, ——> Cu(NO;),+2H,0+2NO,(g) 
Brown) 
r : J Nitrogen dioxide 

(ii) Iodine liberates during the reaction and the paper absorbs 

iodine which imparts yellow colour. 
NO,+2KI+-HsO ——> 2KOH+NO-+1.(g) 

(iii) Iodine liberates during the reaction and it interacts with 

starch forming a blue coloured complex CON 
i ; $ CH2 SO. 

12. Nitrates react with ferrous se acy 
sulphate in the presence of conc. H,SO,. 
A brown ring appears at the junction of the 
two liquid layers (Fig. 8.7). 

Ferrous sulphate, at first, reduces the 
nitrate to nitrite and then to nitric oxide. 


This oxide coordinates to the unoxidized RON (11) 
portion of ferrous sulphate. SURNE 
NO,-+H* —> HNO Rael has a 
2HNO,+3H,S0,+ 6FeSO, ——> 3Fe,(S0,), ae GES) 
+2NO+4H,0 


FeSO,+5H,0 +NO -_-> [Fe(H,O )sNO]SO, 
(Brown ring) Ss iy ee 
13. Acetic acid and its salt under the 3 . 
action of ethyl alcohol in the presence of (LOWER LAYER) 
sulphuric acid, form ethyl acetate which is 
detected by its pleasant odour. 


JUNCTION 


Fig. 8.7. Brown ring test 
for nitrate. 
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HoSO4 
CH;COOH+HOC,H; = CH,COOC,H;+H,O 
14. Ferric salts with acetate ions form ferric acetate which is 
recognized by its blood-red colour. 
3CH,COONa + FeCl; — > (CH,COO),Fe+3NaCl 
(Blood-red) 
On dilution and heating, basic acetate is precipitated. 
(CH;COO),Fe+2H,O0 ——> [CHsCOO(OH),]Fe(s)+2CH,COOH: 
: Basic acetate 
Tests for anions not identified by dilute or concentrated 
H,SO,,. 
Anions which cannot be identified on reacting with dilute or 
conc. HSO, are listed below : 
(i) Sulphate, SO,2~ ; and (ii) phosphate ; POT. - 
Such anions are identified and thus confirmed by using sodium 
carbonate extract only. Some other tests can also be performed. 
Proceed as given in Table 8.9. 
Table 8.9. Identification of SO, and PO,3- 


Experiment Observation Inference 


1. Acidify 2-3 mL of W.E. or 
SE. with dil. HCl and 
divide the so‘ution in two 


parts. 
(i) To one part addbarium White ppt. of BaSOs is obtained. SO,?- 
chloride solution. Insoluble in all mineral acids. confirmed 


(ii) To the other part of the White ppt. of lead sulphate is SO,2- 
solution add acetic acid obtained which is soluble in confirmed 


and lead acetate solu- ammonium acetate solution, 
tion, due to the formation of soluble 
lead acetate. 


2. Acidify 2-3mL of S.E. Slow formation of canary- PO,°- 

with dil. HNO;. To this yellow ppt. of ammonium present 
add 2:3 mL of cone, phosphomolybdate takes place, 
HNOs and SmL of am- 
monium molybdate solu- 
tion. Now heat the 
contents. 


The chemistry involved in the tests performed (Table 8.9) to 
identify SO,?~ and PO,’ is outlined below : 
Reactions 

1, (i) Solutions of sulphates react with barium chloride and 
form a white precipitate of barium sulphate which is insoluble in all 
mineral acids. 

NaSO, +BaClo ——> 2NaCl+ BaSO, (s) 
(White) 

(ii) Solution of sulphates react with lead aceiate and form a 

white precipitate of lead sulphate. 
Na.SO,+(CH;,COO),Pb —> gph eS 
nte 
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Precipitate of lead sulphate dissolves in ammonium acetate 
solution due to the formation of soluble lead acetate. 


PbSO,+2CH;COONH, —> NH,),SO,+(CH,COO).Pb 
Lead acetate 


2. Solutions of phosphates react with ammonium molybdate 
in the presence of concentrated nitric acid to yield a canary-yellow 
precipitate of ammonium phosphomolybdate. 

——> PMo12040](S 
Na,HPO,+12(NH,),.MoO,+23HNO, ae fore Quel ) 
+-2NaNO,+12NH,NO3+12H,0 

8.5. DETECTION OF CATIONS 

Cations are divided into analytical groups. The classification 
of the cations into analytical groups is based on the solubility of 
some salts which they form on reacting with reagents. All cations 
have been divided into six analyticaly groups on the basis of the 
difference in solubilities of their chlorides, sulphides, hydroxides and 
carbonates under different conditions of acidity and alkalinity 
(Table 8.10). The reagent used to precipitate the specific group is 
known as a group reagent. 

Table 8.10. Classification of cations into groups 


Group Group reagent Cation 
I Dilute HCl Pb*+ and He,**(precipitated as chlorides) 


II H,S in acidic medium (HCI) Hg?+, Cu%+, Cd*+ As** and Sb*+ 
(precipitated as sulphides) 


II -NH1OH in the prssence Fet+, Fe*+ and Al*+ 


of NH,Cl ( recipitated as hydroxides) 
i i dium Nit, Zn*+, Mn*+ and Co?+ 
p ae eae ais (precipitated as sulphides) 
Vv (NH4),CO, in alkaline Ca?+, Ba? and Srat 
medium (NH,OH) (precipitated as carbonates) 
VI No common reagent Mg?+, NH4*, and K+ 


(NH¢+ ion included in zero group) 


Preparation of original solution, Most of the reactions used 
in qualitative analysis occur in aqueous solution. Thus, the first step 
in the systematic analysis of cations is to prepare a clear (colourless 
or coloured) salt/mixture solution (called original solution, O S.). 
For this purpose, take about 0°1 g of the salt/mixture and try to 
dissolve it in about 2 mL of 

(i) distilled water (cold or hot), 

(ii) dilute hydrochloric acid (cold or hot), or 

(iii) concentrated hydrochloric acid (cold or hot). 

The solvents listed above should be tried one by one in the 
given order. After selecting the suitable solvent, prepare the O.S. by 
dissolving about 1 g of the salt in 10-15 mL of the solvent. 

Notes. (i) For the preparation of O.S. first try.to dissolve the 
salt/mixture in a cold solvent (water, dilute hydrochloric acid \or 


= = a 
gt tt 
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concentrated hydrochloric acid). If it does not dissolve, heat it. In 
such a case; cool the solution and see if the salt/mixture separates 
out or not. If it does, try the next solvent. j 

(ii) If the solution is prepared in concentrated hydrochloric 
acid, it should be diluted before proceeding with the cation 
analysis. 

(iii) The effect of the solvent on the salt/mixture should be for 
a sufficient period. 

(iv) The least quantity of the acid should be used for the 
preparation of originai solution. 

(v) At this level, it is advised not to employ HNO, and HSO, 
as solvent, as they interfere in the usual analysis. Sulphuric acid 
precipitates Ba®*, Sr?+, Ca?t and Pb?+ as their sulphates and thus 
salt/mixture containing these cations will never dissolve. 

_ The classification and separation of all the six groups on the 
basis of group reagents is portrayed in the flow chart. 
Original Solution 


-H 
dil. HCI 
+ Filter 
+ ` 
ppt. Filtrate (subsequent groups) 
Group [ Warm 
Pb?t, Hg+ | +Hcl 
as chlorides | +H,S 
{ Filter 
Lean + 
ppt. Filtrate 
Group II Boil off H,S and add HNO, and heat 
(Pb*+, Hg?+, Cu®+ and Cd?*) | Cool the solution and add 
As**, and Sbt | +NH,Cl 
as sulphides | +NH,OH 
| Filter 
+ + 
ppt. Filtrate 
Group III | +NH,OH 
(Fe?+, Fe’+ and Al®*) | -+ H,S 
as hydroxides { Filter 
7 y 
ppt. Filtrate 
Group IV i | Boil off H,S cool and 
(Zn*+, Ni?+ Mn** and Co?+) | add 
as sulphides | +NH,CI 
| +NH,.OH 
| +(NH,)CO, 
| and warm 
{ Filter 
Į | 
t. i 4 
OAD y rea 
a+ Bait and Sr2*) Troup 
ieee (Mg? and K+) 


as carbonates 
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Notes. |. Test the presence of various cations systematically. 
Don’t skip any g' oup. i 


ore 
2. It is important to ensure the absence of one group befor 
Starting the analysis of next group. 


f s 
3. Excessive dilution should be avoided. As ga meore 
group V, the bulk of the solution is difficult to handle an eat 
centration of individual ions becomes too low. In the process, 
times one misses the detection of group V cations. j 
. $ Ch 
It is advised to concentrate the solution at the outset of ea 
group. Don’t through the Solution into the sink. 
4. The 


hed 
Precipitates of a group should be filtered and washe 
carefully, 


9 ion is 
One way of Separating the precipitate from the Eene 
the usual procedure of filtration. But this is time consuming method 
loses the major part of the ppt. There 1S Se eT rd ation. 
of separating the precipitate from the solution i.e., centr: ine The 
The centrifugation is more efficient and rapid than ats) called 
centrifugation is done in Special machines (Fig. 8. 
centrifuges, 


(a) Hand operated centrifuge (6) Electric centrifuge 
Fig. 8.8, Centrifuges, 
Analysis of Group Zero Cations 


shienmbortant to mention at the outset of cation analy Mes 
sree aig imu cn, roe out ates 
yoi will ane that ammonium salty me uel to EE lg ane entire 
H t 
ammonium lon ii ho Alcunstances, i Iagwied to test £0 
TH The Beninning a ates, It is a 


On the following lines: 


ention at t 


i 
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Heat 0.5 g of the mixture in a test tube with about 2 mL of 
sodium hydroxide solution. Evolution of NH; gas indicates the 
presence of NH,* radical. 

The ammonia gas can either be detected by its odour or bring- 
ing a glass rod dipped into HCI near the exit of gas. The interac- 
tion of gas with HCI gives dense white fumes due to the formation 
of NH,Cl. 


Heat 
NH,* (s}++-OH=(aq) ——> NH; (g)*H20(1) 
NH, (g)+HCl J) —> NH,Cl(g) s 
Ammonia gas when passed through Nessler’s reagent solution 
gives a brown ppt. of iodide of Millon’s base. This also confirms 
the presence of NH4” ion in the mixture. 
NH, +*+ NaOH ——> NH;+H,0-+Nat 
KHgla ——> 2K1+Hel, 
Nessler’s reagent 
Hel,+2NH, ——> Hg(NHs)I+NH,I 


Hg(NH,)1+ Hels ——> NHa Heels(s) or [Heel NHs}1 
(Red brown ppt,) 


VEX 
or 2(H,N—Hg—I)+H,0 —> oN Nie + NEL 
Hg 
(Red brown ppt.) 

Analysis of Group I Cations (Pb** and Hg+) 

Take about 10 mL of the aqueous original solution, and add 
a slight excess of dilute HCl. Formation of a white precipitate 
indicates the presence of group l. Filter the precipitate (Fig. 8'9). 
Keep the filtrate for the analysis of the subsequent g oups. Analyse 
the ppt. forthe cations of first group as given in the Table 8.11. 


PP? 


Fig. 8,10. Washing of precipitate 


Fig. 8.9. Fitration of precipitate 
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Tabie 8.11. Analysis of group I cations (Pb**+ and Hg+) 
Experiment 


1. Wash the ppt. (Fig. 8°10) 
and add 2-3 ml of distilled 
water to the white ppt, 
and heat Divide the 
hot solution in fours parts. 


(i) Cool one part under (i) White ppt. of PbClo  Pb?+ confirmed 
tap water, _ separates out. 

(ii) To the second part of (ii) Yellow ppt. of PbCrO, Pb2+ confirmed 
hot solution add appears. 
Potassium chromate 
solution. 


(iii) To the third part of (iif) Yellow ppt. of Pbl, Pb% confirmed 
hot solution add appears, 
potassium iodide solu- 
tion. 
(iv) To the fourth part of (iv) White ppt. of PbSO4 ~~ Pb*+ confirmed 
the hot solution add appears, 
dilute H,SO, and a 
few drops of alcohol. 
2, If the white ppt. does not The ppt. dissolves Hg,2+ present 
dissolve in hot water filter 
and treat the white 
ppt. with minimum 
volume of aqua regia a 
Part conc. HNOg and 3 
parts conc. HCl) Heat to 
dryness. Treat the solid 
mass with water. Divide 
the solution in two parts. 


Observation Inference 


The ppt. dissolves Pb2+ present 


(i) To onepart of the Red ppt. of Hgla Hg,2* confirmed 
solution add KI appears 
solution 
(The reaction should Red ppt. dissolves 


be carried out at pH>7) 


forming a complex. 
Add excess of KI p 


solution 
(ii) To the other part of A white ppt. appears, Hge"+ confirmed 
the solution add an At times, a black ppt. 
equal volume of appears, d 
freshly prepared 


SnClz solution 


pared in dilute hydrochloric acid 
n lirectly for the subsequent groups. , 
(ii) If the O.S. is prepared in concentrated hydrochloric acid, 


e appears on dilution, analyse 


The chemistry involved in the tes 
identify Pb?+ and Ag?* is outlined bel 
Reactious 


1. Lead salt solution on reacting with di 


; pS n a dilute hydrochloric acid 
forms white precipitate of lead chloride Which is soluble in hot water, 


ts performed (Table 8.11) to 
ow : 
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Pb?++-2HCi ——> PbCl, ¥ +2Ht 


(white) 
(i) Lead chloride appears on cooling the solution under tap 
water. 
(i) Lead salt solution reacts with potassium chromate to give 
yellow ppt of lexd chromate. 
PbCl,(aq)-+KeCrO, ——> PbCrO, (s)+2KCl 
(Soluble in hot water) (Yellow) 


(iii) Potassium iodide reacts with lead chloride solution form- 

ing a yellow ppt. of lead iodide. . 
PbCl, (aq)-++2K1 —> 2KCI-+Pbl, (s) 

(Yellow) f 

The precipitate of lead iodide is soluble in hot solution, which 
reappears on cooling with a distinct shine. 

(ivj Sulphate ions react with lead sait solution and form white 
ppt. (alcohol reduces the solubility of the ppt.) which is soluble in 
ammonium acetate solution 

PbCl, (aq) +H»SO, —> PbSO, (s)+-2HCl 
PbSO,(s) +2NHyOOCCH, ——> (NH,),SO,+ Pb(OOCCH,)3(aq) 
(2) Aqua regia dissolves the ppt. forming soluble mercuric 
chloride. : 
Hg,Cl,-+-2HNO,;+ 6HCI ——> 2HgCl,+2NaCl4-4H,O--Cly 
(i) Mercury salt solution reacts with KI solution. A red ppt. 
of Hgl, appears. 
Hg?++21> ——> Hel, (s) 
(Red) 


The red ppt. dissolves in the presence of excess reagent. 
Hgl,+21l —— [Hg]? 
(Soluble) 
(ii) Addition of SnCl, reduces HgC], to white Hg,Cl,. The 
reaction is possible in acidic solution. 
2HgCl.+SnCl, ——> Hg,Ci,(s)+-SnCly 
(White) 
Further addition of SnCl, reduces white Hg.Cl, to a black 
precipitate of metallic mercury 
SnCl,+Hg,Cl, ——> 2Hg(s)+SnCl, 
(Black) 
Analysis of Group II Cations (Pb**, Hg*+, Catt, Cutt, As*+ and 
Sb*+) 2 3 
If the O.S. of the salt/mixture does not give any ppt. with dilute 
hydrochloric acid or if no ppt. appears when the O.S. is prepared in 
dilute hydrochloric acid, it means group Tis absent. In case group | 
is present there, the filtrate is used for group 2 cations. : 
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TAP OPEN 


Fig. 8.11. Kipp’s apparatus for the continuous supply of HS gas. 


Now warm this acidified O.S. or filtrate from group I as 
the case may be and pass hydrogen sulphide gas from the Kipp’s 
apparatus (Fig. 8.11) through the solution. If a coloured ppt. 
(black, yellow or orange) is obtained the group II appears to be 
present. A black ppt. shows the presence of Pb?+, Hgt or Cut, 
a yellow ppt. shows Cd?+ or As*+ and a Orange, ppt shows Sb*+, It 
is advisable to pass H,S gas through a few mL of O.S. or filtrate 
initially. 1f there is ppt. then pass AS gas through the rema 
solution also. If there is no ppt. then store this solution, 

Now separate the ppt. by filtration and teject the filtrate, 

Pb?t-+-H,S — + PbS (s)+2H+ 
(Black) 

Hg3*+H,S ——> HgS(s)+2H+ 
(Black) 

Cu?++ HS ——> CuS(s)+2H+ 
(Black) 


ining 


Cd’++H,S ——> CdS(s)+2H+ 
(Yellow) 
(Possible in very dilute solution only) 


2As**--3H,S —— AS.S9(s)-- 6H+ 
(Yellow) 

28b3+-++3H,§ —> Sb.S;(s) +6H+ 
(Orange) 


Table 8°12, Analysis of Sroup II cation Pb?+, Hg?+, 
Cu?+, Cd? As3+ and Sb'+) ( aie) 
Wash the ppt. with hot distilled 


2 Water and reject the washings. 
Take the washed ppt. in a test tube (F. 


ig. 8.12). 
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Experiment F ~ Observation Inference 


Black ppt. 


1, 


Treat the washed back ppt. with A colourless or blue Pb?+ or Cu2+ 
3.4 mL of 50% HNO; and boil coloured solution is indicated 


obtained 

2. To the colourless solution White ppt. (due to Pb*+ 
(From test 1) add 1mL_ of PbSOs) present 
alcohol and a few mL of dil S 
HSO, K * 

To the white ppt. add ammo- PbSOx is soluble in Pb2+ 
nium acetate solution. ammonium acetate present 
solution 3 
Note: Divide the solution in two parts and perform: the tests with K2CrOs, 
and KI as given in Table 8.11. j 

3. To the blue solution (From test A deep blue solution Cut a 
1) add an excess of aqueous of [Cu(NHs)4 (NOs),] confirme 
ammonia solution. is obtained. 

4. Tothe O.S. (or the solution Reddish brown ppt. Cust 
obtained in test no, 3) add po- of Cu,[Fe(CN}s] confirmed 
tassium ferrocyanide solution. appears. 

5. Treat the black residue (from 
test 1) with aqua regia. Heat 
to almost dryness. Extract the 
solid mass in distilled water. 

Divide the solution in three 

Parts, 

Note. Perform the test with KI and SnClz as given in Table 8.11. 
To the third part add Cu turn- Grey deposit is seen Hg** 
ings. on Cu confirmed 

Yellow ppt. 

6, Take the washed yellow ppt. in Yellow ppt.remains Cdt 
a test tube and boil it with 2-3 insoluble indicated 
mL of yellow ammonium sul- 
phide. 

7. Treat the yellow ppt. with 50% Yellow ppt. is soluble Cd 

NO, and warm, P and a solution of indicated 
Cd(NOs)2 is obtained. 
Divide the solution in two parts 
(i) To one part of the solution A white ppt. of Cdt 
and aqueous ammonia so- Cd(OH), is formed, confirmed 
lution followed by excess of which dissolves in 
ammonia soiution. excess of ammonia. 
Pass H,S through the solu- Yellow ppt. of CdS Cd2+ 
tion. confirmed 
(ii) To the other part of the A bluish white ppt. is Cd2+ 
solution add K4[Fe(CN),] formed. confirmed 
8. (i) Take the washed yellow ppt. Yellow ppt. dissolves As3+ 
and boil it with yellow am- forming soluble indicated 
monium sulphide solution ammonium thioarse- 
given in test 6). nate, 
(ii) To the solution add dilute Yellow ppt. of AsoS, As*+ 
HCI is obtained confirmed 
9, Dissolve the ppt. obtained in Yellow ppt. of ammo- Asst 


test 8(11) in conc. NHOs. To this nium arsenomolyb- confirmed 
Contd. 
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= is meee 

solution or to the O.S. add 2-3 date of obtained. 

mL of conc. HNO, and ammo- 

nium molybdate solution. Boil 

the mixed solution. 

Orange ppt. 

10. (i) Take the washed Orange ppt. 
in a test tube and boil it with 


Orange ppt. dissolves Sbs+ 


n i forming, soluble indicated 
yellow ammonium sulphide ammonium i 


w an thioanti- 
(as given in test 6) monate, 

(ii) Acidify the solution with Orange ppt, is ob- sb2+ 
dilute HCI. tained. 


corfirmed 
Il. Boilthe ppt. obtained in. test Orange ppt. is ob- Sbst 
10(11) with 5 mL conc. HCl for tained. corfirmed 
5 min. and pass H,S gas through r 
the hot solution, 


~ The chemistry underlying the tests performed (Table 8.12) to 

identify Pb?+, Hg?t, Cu®+, Cd?+, As3+ and Sb** is outlined below : 

Reactions 

1. Sulphides of lead and copper dissolve in n 

a colourless solution of lead nitrate and bluish 
copper nitrate. Sulphur is precitated, 


3PbS-+8HNO; ——> 3Pb(NO,),-+ 3S+2NO+4H,0 


itric acid to give 
green solution of 


(Black) (Colourless) 
CuS +8HNO; ——> 3Cu(NO,). +3S+2NO 
(Black) 7 (Bluish-green) pO, 


2, Lead nitrate solution reacts with dil. H,SO, forming a 
white ppt. of lead sulphate 


Pb(NO3),+H,SO, ——> PbSO,(s)+2HNO, 
(White) 


which can dissolve in the solution of ammonium acetate. 
PbSO,+2NH,OOCCH, ——> (CH COO),Pb+(N Hy),S0, 
e 


3. Bluish-green solution of copper nitrate reacts w. 
ammonia and forms ppt. which dissolves in e 
tion giving a deep blue solution. Precipitat 
due to the formation of soluble complex, 

Cu(NOs),+4NH.OH ——> [Cu(NH, 4](NOg)2+4H,0 

Tetra-ammine 

Copper (II) nitrate 
P blue) 


ith aqueous 
xcess of ammonia solu- 
e of Cu(OH), dissolves 


ee 

4. Copper salt solution reacts with a solution tassi 

ferrocyanide giving a checolate brown ppt. of potassium 
2Cu?* + [Fe(CN)_]*— —> CuslFe(CN),) 
Opper hexa 
(Chocolate oan ad) 

5. Mercuric sulphide being insoluble, on heating with aqua 

tegia goes into solution. 


3HgS-++2HNO, + 6HC] —— 3HeCl,+2NO+384.41,0 
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(6) 
ig. 8.12, (a) Removing the Ppt. from the filter paper b 
us fiter a and (b) washing it down with a 


(i) HgCl, solution on treating wit 
which dissolves in excess of KI solution. 
g°-421- —> He h(s) 

ae (Red 


y Piercing a hole in the 
liquid from wash bottle. 


h KI solution gives rea ppt. 
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Hgh +25 —> [Hg 
Soluble complex 
(ii) HgCl, solution on treating with SnCl, solution gets redu- 
ced to metallic mercury. 
2RgCl+SnCl, —> Hg.Cl. + SnCl, 
(While ppt.) 
Hg,Cle+SnCl, —> 2Hg+SnCl, 
(Black) 
(iii) On adding Cu turnings *HgCl, is reduced to H: which is 
deposited on copper. Displacement reaction takes place. 
HgCl,+Cu —+ CuCl, +Hg 
(Deposited on Cu) 
6. Cadmium sulphide does not dissolye in ammonium sul- 
phide. 


7. Sulphide of cadmium dissolves in nitric acid forming 
soluble cadmium nitrate. 


3CdS + 8HNO, ——> 3Cd(NO,),+2NO +38-+4H,0 


(i) Addition of ammonia solution containing Cd?+ ions causes 
precipitation of hydroxide of Cdt which dissolves in excess of 
ammonia solution forming complex ion [Cd(NFig)4]2* 

Cd*+-++2NH,OH —> Cd\OH),(s)+2NH,t 
(White ppt.) 
Cd(OH).+4NH,OH ——> [Cd(NH,)4]**+4H,0 +20H- 
(Soluble complex) 
When H,S is passed through the soluble complex, 
of CdS is obtained. ` 


(Cd(NH,),}°+-+ HS — > CdS(s)--2NH,*+2NH, 
(Yellow) 


a yellow ppt. 


(ii) Addition of K,[Fe(CN).] solution forms bluish white ppt. 
2€d’* + [Fe(CNg]*& —-> Cd,[Fe(CN),](s) 
(Bluish white) 
8. (i) Yellow ppt. of AS.S3 dissolves 


sulphide forming a soluble thiosaly, in yellow ammonium 
As.S,-+-3(NH,).§ = 
oie Ha)S-+ 28 ——> ANHO AsS,(aq) 


; mmonium thioarsenate 
ii) Acidification of ammonium sulphi ini 
thiosalts of As** precipit ena a comen 
tite eae ipitates arsenic (V) sulphide. Some sulphur is 
2(NH,),AsS,+6HCI —-> 6NH,Ci+3H,8-++ As,S,(s) 
As j (Yellow) 
7 iwltric acid reacts with As,S and HAsO. 
(arsenic acid), Arsenic salt on reacting eae eo a is 
oxidized to arsenic acid. à S 
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Arsenic acid solution reacts with ammonium molybdate form- 
ing a yellow ppt. of arsenomobyldate. 


3AsaS5+ 10HNO,+4H,O ——> 6H,As0,+ 1ONO+15S 
Arsenic acid 


H,AsO,-+12(NH,)sMo0,+2!HNO, —> (NH )LAsMo;,0u0\s) 
(Yellow 


) 
+21NH,NO;+ 12H,O 
Note. Phosphate, if present, also gives a similar test (tests). 
As®* should be confirmed by this test only if PO," is absent in the 
salt/mixture. 2 


10. (i) Orange ppt. of SbaSs dissolves in hot yellow ammo- 
nium sulphide forming a soluble thiosalt. 


Sb,Sg+3NH,S+2S ——> 2(NH,4),SbS,(aq) 
(Orange) (Ammonium thioantimonate) 
(ii) Acidification of ammonium su!phide extract containing 
thiosalt of Sb*+ precipitates antimony (V) sulphide Some sulphur 
is also precipitated. 


2(NH,):SbS.+6HC] —-> SbaSsls) + 6NH,CI +318 


(Orange) 
11. Sb¿Ss dissolves in conc. HCI 
Sb,S,+ 6HCI -——> 2SbCI,(aq)+2S-+3HS 


Now on passing H,S gas through the solution, antimony is 


precipitated as Sb.S, which is identified by its characteristic orange 
colour. 


Analysis of Group III Cations (Fett, Fe** and Al**) 


After the analysis of groups I and II proceed for identifying 
the cations of group III. To do this take 2.3 mL of O.S. if both 
groups I and II have been found to be absent or take the solution of 
group Il (when group If is absent) and filtrate (when group Il is 
present) boil for sufficient time to remove H.S completely and also 
concentrate the solution to 5 mL. Add about 0.5 mL of conc. 
HNO,* and boil to oxidize Fe’t to Fe’*. Oxidation is necessary 
otherwise Precipitation of iron will be incomplete Now to this add 
0.5 g of solid NHCl, followed by aqueous ammonia solution until 
the solution distinctly smells of ammonia. The formation of a 
precipitate indicates the presence of group III. Filter the precipitate 


and analyse the ppt. iven in the Table 8.13 
Store the filtrate. i ag Tepe PEE Ae 


*The presence of Fert o; ; i itri 
k I r Fe3+ jons can be tested before adding nitric 
pei Hon this keke 1 mL of original solution and adda few drops of potassium 
Prricyanl e. Appearance of a deep blue colour or ppt. shows the presence 
of Fe. Similarly take 1 mL of the group solution andadd afew drops of 


Pooseum ferrocyanide. Appearance of a deep blue colonr confirms the presence 
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3Fe*+-FNOs-+-4H* —  3Fe3+ + NO+2H,0 
Fe™++-30H- —> Fe(OH),(s) 


(Brown) 


AL++30H- ——> Al(OH),(s) 


Note. 


group II cations. 


Table 8.13. Analysis of group III cations (Fe?+, Fet 


Ammonium chloride controls the ioni 
nium hydroxide (common io: 
chloride, cations of subse 
also be preci 


n effect) 

quent groups 
pitated along with the hy 
Ammonium chloride reduces the conce 
ion effect and buffer action and thus 
sequent groups from bein 


g precipitated 
higher solubility 


product values than 


(White gelatinous) 


zalion of ammo- 
In the absence of ammonium 
Such as Zn?* and Mn?+ may 
droxides of Fe* and AIF, 
ntration of OH- by common 
prevents the metals of sub- 
as hydroxides, which have 
those o! the hydroxides of 


and A13+) 
Experiment ay Observation Inference 
Sea Treat the brown ppt. of A yellow solution is Fet+ 
Fe(OH)s with dilute HCI and obtained due to the indicated 
heat. formation of FeClg 
Divide the solution into two 
parts ; 
(i) To one part add potassium Deep blue colour or Fes+ 
ferrocyanide solution. x; ppt. is obtained confirmed 
(ii) To the 2nd part of the solu- A deep red colora- Fes+ 
tion add potassium sulpho- tion results confirmed 
cyanide solution. 
(i) To the O.S. add a few drops Deep blue colour or Fe?+ 
of dilute HCI followed by ppt. is obtained present 
potassium ferricyanide solu- 
tion. 
(ii) To the O.S. add a few drops No coloration Tesults  Fe?+ 
of HCI followed by Potas- present 
sium thiocyanate solution. 
Dissolve the white gelatinous A blue fioating ppt. Als+ 
Ppt. ina minimum quantity of in colourless solution confirmed 
dil. HCl. Now add a few drops 


Reactions 


forming a yellow 


of blue litmus solution followed 
y ammonia solution until the 
solution becomes ammonical, 


(lake) 


The 
and AI 


1. The bro 


Fe(OH), +3HC] 


sa Dhe chemistry underlying the tests (Table 8.13) 
identify Fett p+ ions is outlined below : 


wn ppt. of Fe(OH), dic Ives i ilute HCI 
Solution of fore Seg ves in hot dilute H 


=> FeCl.(aq)+311,0 


(Yellow) 


performed to 
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(7) Solution containing ferric (II) ions reacts with potassium 
ferrocyanide, K,[Fe(CN).] to give deep blue ppt. (Prussian blue). 
Fe8+-+-K,[Fe(CN),] —> KFe[Fe(CN).](s)+ SKE 
(Prussian blue) 
Potassium ferri-ferrocyanide 
(ii) Solution containing Fe (i!l) ions reacts with potassium 
thiocynate solution to give a deep red coloration caused by ferri- 
thiocyanate ion, [Fe(SCN)]**. 
Fe?--+SCN~ ——> [Fe(SCN)F*(aq) 
(Deep red) 
2. (i) Solution containing Fet ions reacts with potassium 
ferricyanide to give deep blue ppt. (Turnbull's biue) 
Fe*++K,{Fe(CN),.] —> KFe{Fe(CN),]+-2K* 
(Turnbull’s blue) 
Potassium ferro-ferricyanide 
(ii) Ferrous ions do not give any coloration with potassium 
thiocyanate solution. 


3. A white gelatinous ppt. of A\(OH), is obtained in the 
reaction solution which absorbs the blue colouring matter of litmus 
and turns blue. 


A\(OH),+3HCl ——> AICI, +3H,0,5 
AICl,-+3NH,OH —-—> 3NH,C1+AlK\OR),(s) 


The ppt. of AI(OH), absorbs blue colouring matter of litmus 
and floats in the body of the solution (lake test). 


Analysis of Group IV Cations (Ni**, Zn*+, Mn** and Co 


In case the cations from group 1, II and II are absent, take 2-3 
mL of the original solution and add to it 0.5 g NH,Cl and aqueous 
ammonia dropwise until it smells like ammonia, and if cations from 
group J, I] and III are present take the filtrate of group III, smell it 
and make it ammonical if necessary. Now pass HS gas through 
atest portion. Ifa ppt. is formed, it shows the presence of group 
1V. Now pass H,S through the whole solution for sufficient time 
to ensure complete precipitation. If a precipitate (black, dirty white, 
oe tet one D ARAI, group IV is present. Filter and separate 
a store the filtrate. cations 

as given in the Table 8 id Analyse the petit iam Ri 


Zn?t + H,S ——> ZnS(s)+2H+ 
r (White) 
Ni?+ -H.S ——> NiS(s)+2H+t 
(Black) 
Mn?t + H,S —-> MnS(s)+2H* 
B 


s (Buff) 
Cot +H,S — —> CosS's)+2H+t 
(Black) 


at) 
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Table 8.14. 


(Ni?*, Zn?t, Mn? and Co?*) 


Analysis of group IV cations 


Experiment 


Observation 


Inference 


Black ppt. 

1. Dissolve the black ppt. by heat- 
ing witha minimum volume of 
aqua-regia (3 parts HCl and 1 
part HNO;). Evaporate nearly 
to dryness. ` 
Cool and dissolve in water. 
Divide the solution in three 
parts. 


(i) To one part of the solution 
(or O.S.) add a few drops of 
dimethylglyoxime followed 
by aqueous ammonia solu- 
tion. 

(ii) To the 2nd part of the 
solution (or O'S ) add acetic 
acid and a little KNOs. 
Allow it to stand with 
occasional scratching and 
shaking. 

(iii) To the 3rd part of the solu- 
tion (or O.S.) add 1g of 
ammonium thiocyanate, 2 
mL of amyfalcohol (or 2 mL 
acetone). Shake the con- 
tents well. 

(iv) Both Co2+ and Ni** can 
also be confirmed by borax- 
bead test. 

Dirty white ppt. 7 

2. Treat the dirty white ppt. wit 
aol volume of dil. HCI. Boil 
the contents to remove HS, 
Cool the solution. | 
Divide the solution in 
fractions. t 

(i) To one fraction of the solu- 
tion add NaOH solution 
slowly. 

(ii) To the 2nd fraction of the 
solution add imL of 
K,[Fe(CN),] solution. 

3. Perform charcoal cavity cobalt 
nitrate test with the Original 
Salt or with the white ppt. 

Suff coloured ppt. 

4. 


two 


boil off HaS gas, Co 
solution cnet “add Naoi 


Residue is obtained 
due to the formation 
of anhydrous chlo- 
tides of Ni?+ or Co%+ 


A bright red ppt. of 
bis (dimethylglyoxi- 
mato) nickel (II) is 
obtained 


A yellow ppt. of 
Potassium cobaltini- 
trite is obtained. 


Blue colour in the 
Organic solvent layer 


A white ppt. appears 
which. dissolves in 
excess of NaOH 
A bluish white ppt. 
appears 


A green mass con- 
firms Zn*+ 


A white ppt. - 
[Mn(OH)a] is formed 
which turns brown 


due to atmospheric 
oxidation 


Ni? or 
Cost 
present 


Nit+ 
confirmed 


Cost 
Present 


Co* 
confirmed 


Zn? 
present 


Zn2+ 
confirmed 


Zn*+ 
confirmed 


Mn2+ 
present 
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solution slowly. Warm a 
little. 
(i) Dissolve the other part of The solution acquires Mn2+ 
the ppt. (or the salt itself) pink colour due to confirmed 
inconc. HNO;. Add 1g the formation of per- 
of lead peroxide and boil — manganic acid 
the contents. Allow it io 


stand, $ 
(iii) Perform borax bead test Violet bead in oxidiz- Mn2+ 

with a little of the residue ing flame confirmed 

and note the colour of the 

bead. 


The chemistry underlying the tests (Table 8.14) performed to 
identify Ni?+, Co®*, Zn?* and Mn?* ions is outlined below : 


Reactions 
1. Black ppt. of nickel sulphide and cobalt sulphide dissolves 
in aqua regia. 
3NiS+-2HNO;+ 6HCI ——> 3NiCly+2NO+2S+4H.O 
3CoS +2HNO;+6HCI —> 3CoC!,+2NO+3S8+4H20 


Hydrated chlorides on evaporation.to dryness, yield residue of 
anydrous chlorides. 
Heat to 
NiCl,.6H,O —— -> NiCl,+6H,O 
(Green) dryness (Yellow) 

(i) A nickel salt solution reacts with dimethylglyoxime (DMG) 
solution in the presence of ammonia solution forming a bright red 
ppt. of bis (dimethylglyoximato) nickel (IJ) complex. 

CH,—C=NOH 
NiCls-+2NH,OH+2 


=C—CH, 
l +2NH,C1+2H,0 
= CHa 


(Oain 
(Bright red) 

(ii) Cobalt salt solution reacts with KNO, solution in the 
presence of acetic acid forming a yellow crystalline ppt. of potassium 
cobaltinitrite. 3 

Co**-+7NOz +3K*+2H*——>K,[Co(NO,),]+-NO+H,0 

(iii) With ammonium thiocyanate solution, cobalt ions 
form a blue coloured complex, ammonium cobalt thiocyanate, 


NH,[Co! CNS). 
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This isa stable complex and gets extracted into organic 
solvent. 


SONS oe Ss GR(ENS)a) +2NH,' 
ue) 

2. White ppt. of zinc sulphide is soluble in dil. HCI. A 
colourless solution of zinc chloride is obtained and hydrogen 
sulphide escapes. 

1 ZnS+2HCl——>ZnCl(ag)+H-S(g) 

(i) Solution containing Zn?+ ions on treating with sodium 
hydroxide solution gives a white ppt. of zinc hydroxide which 
dissolves in excess of alkali, forming soluble sodium zincate. 

ZnCl.+2NaOH——Zn(OH),(s)+NaCl 
Zn(OH),.+2NaOH—— Na,ZnO,(aq)+2H,O 
Sodium zincate 

(ii) Solution containing Zn?* reacts with potassium ferrocya- 
nide solution and produces a bluish white ppt. of zinc hexacynofer- 
rate (IL). ; 

2ZnCl,+K,[Fe(CN).J—+4KCl1+ Zn[Fe(CN),] 
Zinc hexacynoferate (II) 

3. It has already been explained under the charcoal cavity 
test. X 
4, (i) Buff coloured ppt. of MnS is soluble in dil. HCI. 

MnS+2HCI——MnCl,+H.S 
Solution when treated with sodium hydroxide solution gives a 
whith ppt. of manganese hydroxide which turns brown on exposure 
to atmospheric oxygen due to the formation of manganic hydroxide. 
MnCl,+2NaOH-—>Mn/OH),(s) +2NaCl 
(White) 

Mn(OH),.+-(C)—->MnO(O#),(s) 

p Manganic hydroxide 

(ii) The sulphide of manganese reacts with nitric acid to 
form manganese nitrate which in turn is oxidized by boiling with 
HINO, and PbO, to MnO,?- ion, characterized by its pink colour. 

MnS+-2HNO;——>Mn(NO,),.+H.S 
2Mn(NOs)2+5PbO,+6HNO,—->2HMn0,(aq)-+5Pb(NO,)»-++2H:0 
Permanganic acid 

da (Pink) 

_ (ii) The chemist f ; i: 
ned ante Sara tana bead test has already been explai 
Analysis of Group V Cations (Ca?t, Sr2+ and Ba?t) 
mT When the first four groups a 

ct Wise take the filtrate o 


(NH,):CO, solution with constan 


re absent, take the original solution 
f the fourth group. Add conc, 
t stirring to the above solution, 
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Warm and allow to stand. Formation of a white ppt. indicates the 
presence of group V. Filter the ppi. Analyse the ppt. for the group 
V cations as given in the Tables 8.15 and store the filtrate. 
Ca*t+CO,?—=+CaCO,(s) 
Ba*t +CO,*- —>BaCO,(s) 
Sr**++CO-— +SrCO,{s) 
Tabie 8.15. Analysis of group V cations (Ba?+, Sr?+ and Ca?*) 


The white ppt. may contain BaCO,, SrCO, and CaCO ;. Wash 
the ppt. with hot water and reject washings. Dissolve the ppt. in 
minimum amount of hot dil. CHCOOH. Divide the solution in 


four parts. 


BaCO,-+2CH,COOH—->Ba(CH,COO),-+H:0+C0, 
CaCO,-+2CH,COOH—->Ca(CH,COO)s+ H,O+CO, 
$1CO,+-2CH,;COOH—~S1(CH,COO),-++ H,0-++ CO, 


Experiment 


Observation 


Inference 


1, To one part of the solution 
add potassium chromate 
solution. Š 


2, To the 2nd part of the 
solution add dil. H,SO4 
solution. 


3. Perform flame test with the 
salt or with the ppt. ob- 
tained in test 1. (Group 
ppt, i.e., carbonate can also 
be used for the flame test). 

4. To the 3rd part of the 
solution and conc. solution 
of (NH4)2 SO, and warm if 
necessary, 

5. Perform the flame test with 
the salt or with the ppt. 
obtained in test 1. 

6. (i) To the 4th part of the 
solution add conc. 
ammonium oxalate 
solution and heat. 

(ii) Add to the ppt. ob- 


tained, dil, HoSO«. 
Now add a few drops 
of dilute KMnO4 
solution. 


7. Perform flame test with the 


salt or with the ppt. obtained 


in test 6. 


A yellow ppt. of barium 
chromate is obtained. 


A white ppt. of BaSO, 
is obtained, The ppt. is 
insoluble in all mineral 
acids. 

A light green flame. 


A white ppt. of SrSOx is 
obtained. 
A crimson colour flame. 


A white ppt. of calcium 
oxalate is obtained. 


Pink colour of KMnO 
solution is discharged. 


A brick red flame is 
seen, 


Ba*+ confirmed 


Ba®* confirmed 


Ba®+ confirmed 


Sr2+ confirmed 


Sr*+ confirmed 


Ca*+ confirmed 


Ca2+ confirmed 


Ca** confirmed 


The chemistry underlying the tests (Table 8.15) performed for 
identfying. the group V cations is Outlined on next page : 
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Reactions 


1. Solution of barium acetate reacts with potassium chromate 
to form a yellow ppt. of barium chromate. 


(CH;COO),Ba+K,CrO,—~>BaCrO,(s)-+ 2CH,COOK 
(Yellow) 


2. Solution of barium acetate reacts with dilute HSO; to 
yield a white crystalline ppt. of 


barium sulphate which is insoluble 
in all acids. Á 
(CH,COO),Ba+ H,SO;—-+BaSO,(s) +2CH,COOH 
(White) 


3. The principle of flame test has already been explained. 


4. Solution of strontium acetate reacts with ammonium 


sulphate solution forming a white ppt. of strontium sulphate which 
is insoluble in mineral.acids. 5 


(CH,COO),Sr-+(N s).SO.—>SrS04(s) +2CH,COONHi 
ite 


5. The principle of the flame test has already been explained. 


6. (i), Solution of calcium acetate reacts with ammonium 
oxalate to yield a white ppt. of calcium oxalate. 


í CH,CO0);Ca +(NH.):C,O,—>CaC,O ls) +2CH,COONH, 
(White) 


(ii) The ppt. of calcium oxalate is soluble in dil. HCl or HSO, 
and forms the corresponding salt solution. 


CaC,0,+2HCI—+CaCl, + H.C,0, for (COOH),] 


The solution acts as a reducing agent due to the presence of 
oxalate ions and discharges the colour of KMnQ, solution. 


Analysis of Group VI Cations (Mg?**, and K+) 


This group includes those elements which are not precipitated 
by other group Precipitating reagents. There is, however, no group 


test for these cations and the different cations are tested individually 
as given in Table 8°16. 


Concentrate the filtrate ob 


; tained from Group V by evapora- 
tion. Now add (NH,),SO, and 3 


soluti (NH,)C,0,> solutions and boil the 

i mae to ensure the complete removal of Group V cations. If a 
BB tanppears, filter and reject the ppt. The clear solution thus 
salts have ben porated to dryness and heated until all the ammonium 
evaporating dis oo mPosed or volatilized. A residue left in the 
completel: Are dissolved in 5 mL water. If it does not dissolve 
in parts val Saw drops of dilute HCI. Divide the solution 

and Procced as given in Table 8.16. 
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Table 8.16. Analysis of group VI cations (Mg** and K+) 


Experiment Observation Inference 


1. To one part of the solution A fine crystaline Mg** confirmed 
add solid NH,Cl followed white ppt. appears on 
by disodium hydrogen scratching the sides of 
phosphate solution (or the test tube. 
ammonium phosphate). 
Mix the contents 
thoroughly. Add a few 
mL of aqueous solution 
of ammonia until it smells 
of ammonia. Add a few mL 
of ethanol and scratch the 
sides of the test tube with 
a glass rod. 4 
2. To the other part of the A blue colour or ppt. Mg?*+ confirmed 
solution add a few drops appears, 
magneson I reagent (a 
alkaline solution of 
p-nitrobenzene azo- 
resorcinol) and NaOH 
solution to make it 
alkaline, 
3. To another part of Ared ppt. appears. Mg*+ confirmed 
solution add a few drops 
of titan yellow solution. 
Add afew mL of N: OH 
solution to make if 


alkaline. 
Note: If Mg*+ is absent then proceed as suggated below for the detection 
of K+. 
4. To another part of the Abright yellow ppt. of K+ present 


solution (HCI free) add / K,Na{Co(NO),] is ob- 
a few drops of acetic acid tained. 

and freshly preparėd 

solution of sodium 

cobaltinitrite. Shake and 

allow it to stand. 


5, Perform the flame test A violet flame but K+ confirmed 
with another part of the intense violet red (or 
solution. crimson) through blue 
glass. 


Note: While performing the tests of K+, ammonium salts should be absent as 
they tend to interfere in its detection. 


The chemistry involved in the tests (Table 8.16) performed 


` for identifying Mg** and K* ions is given below. 


Reactions 
1. A magnesium salt solution reacts witha phosphate in the 
presence of ammonia to form a fine crystalline white ppi. of magne- 
sium ammonium phosphate hexahydrate. 
Me? + HPO,” -+ NH,OH + 5H,O—>MgNH,PO,.6H,O 
(White ppt.) 


Ethanol decreases the solubility of ppt. 


2. Magnesium salt solution in the presence of NaOH solution 
forms a blue colour solution ‘or ppt. with magneson I reagent. 

Mg*t+20H--+-Magnesium——Mg (OH). Magnesium 

j (Blue colour or ppt.) 

3. Alkaline magnesium salt solution forms a red coloured 
ppt. with titan yeliow solution. 

4. Addition of sodium cobaltinitrite to a solution containing 
K* ions gives a yellow crystalline ppt. of potassium sodiocobalti- 
nitrite. 

2KCI+Nas{Co(NOz).]——>K,Na[Co(NO,),]+-2NaCl 


The precipitation reaction is also shown by NH4* ions. Hence, 
the test for K* ion should be performed in the absence of NHy* ion. 
If NH4* ions are present they should be removed from the solution 
by boiling it with Na,CO, or NaOH before performing the test. 


5. The chemistry of the flame test has already been discussed 
in the beginning of this unit. c 


SPECIMEN RECORD OF MIXTURE ANALYSIS 


__ Experiment: To analyse the given mixture containing two 
cations and two anions. : 


Experiment Observation 1 inference 
Dry Tests a 
1, Observe the colour of the Bluish-green colour Cu*+, Ni2+ may be 
mixture present 


2. Heat a small amount White fumes with pun- May be Cl- present 
mixture in a dry test tube gent smell, which give 
dense white fumes with 
aqueous solution of am- 
monia ‘ 
3. Perform the flame test with Bluish green flame Cu*+ may be present 
a small amount of mixture 


4. Perform the borax bead test Green bead when hot, Cu%+ may be present 
with the mixture blue when cold 


5. Heata small partof the Red scales Cu2+ may be present 
mixture/fusion mixture in 
charcoal cavity in the re- 
ducing fiame 


Treat a small amount of the No apparent action, COs2™, S2-, SOs*-, 


mixture with dilute H,SO,. 3 z 
If necessary heat 80x. No smell of any kind? NOs-, etc. absent 


ve Gent the mixture with Colourless gas with Cl- may be present 
« H5SO4, pungent odour (HCI), 
which forms dense white 
fumes (NHi«Cl) with 
aqueous ammonia solu- 


SES tion 


— Coutd. 


— PF 
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Experiment Observation z Inference 


Wet Tests (Acid Radicals) 


8. 


Je 


10. 


il. 


Prepare the clear and trans- 

parent sodium carbonate 

extract (S.E.) of the mixture ? 

To ImLofSBE., add dil. White ppt. soluble in Cl- confirmed 
HNOs to acidify it. Add aqueous NH; solution 

AgNO; solution 

To ~1g mixture add solid Yellow solution of so- Cl- confirmed 
K,CrO,+conc. H2SOs, dium chromate is 

heat the contents, pass the obtained 

red vapours through NaOH 

solution (chromyl-chloride 

test) $ 

Acidify the yellow solution Yellow ppt. of lead 

with acetic acid and add chromate obtained. 

lead acetate solution 

To another portion of S.E, White ppt. of BaSO, SO4?~ confirmed 
add dilute HCI and.BaCl, insoluble in any mineral 

solution acid 


Wet Tests (Basic Radicals) 


12, 
13, 


14, 
15. 
16. 


17. 


18, 


19. 


20. 


21. 


Treat the mixture with No NHs gas evolved NH4+ absent 
NaOH solution and heat 

Prepare the clear and trans- 

parent solution in water or 

dil. or conc. HCI 


To O.S. add dil. HCI and Nọ white ppt. Group I absent 
heat and cool : 
Pass H,S gas through the Black ppt, Group II present 
above solution and filter 
Filter and wash the black ppt. ppt. dissolves Hg*+ absent 
PE oo i in 3-4mL 50% 

3 


Toone part of the above’ No white ppt. Pb2* absent 
solution add dil H,SO, and ] 

a few drops of ethyl alcohol 

To the remaining part of Deep blue colouration Cu?+ may be present 
solution add aqueous NHs 

solution in excess 

To the above deep blue Chocolate coloured Cu2+ confirmed 
solution, add CH,;COOH ppt. of Cus{Fe(CN).] 

and K,[Fe(CN)] solution appeares 

Boil off the H,S gas from White gelatinous ppt. Al3+ may be 
the filtrate obtained from present 

group II and boil the solution - 

with 1 mL of HNO, and 

cool, Add solid NH;Cl 

and aqueous’ ammonia solu- 

tion in excess 

Filter the white ppt. and dis- 

solve the ppt. in dil. HCI 

To the above solution add A blue-red lake Al8* confirmed 
blue litmus solution, 

followed by the drop by 

drop addition of aqueous 

ammonia solution until the 

solution is just alkaline 
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Result : The given mixture contains : anions Cl-, SO,°- 
cations Cu**, A+, 
ORAL QUESTIONS AND ANSWERS 
Q.8.1. What is quatitative inorganic analysis ? 


. Ans. The detection of acidic and basic tadicals present in a 
given salt/mixture is called qualitative inorganic analysis. 
Q.8.2. What are preliminary tests ? 


Ans. These are the tests which indicate the presence of acidic 
or basic radicals in the salt/mixture. These are performed before 
Starting the systematic analysis. 


Q. 8.3. What is a reagent ? 


‘Ans. The solution employed for carrying out a test is called 
a reagent. 
Q. 8.4: What is a group reagent ? 
_ Ans. ihe reagent which is employed in identifying a group of 
radicals ıs known as a group reagent. 


Q. 8.5. Why do salts of the following ions Cu**, Ba*+, Sr*+, 
Catt, Na*+ and K+ impart colour to the flame ? 


Ans. This is due to the fact that the chlorides of these cations 


are volatile and at higher temperature they ionize giving respective 
Cations. These cations then impart colour to the flame. 


Q: 8.6. Why is HCI employed in flame test ? 


Ans. Only the volatile compounds of cations impart colour 
to the flame. Only metal chlorides are volatile whereas their sul- 
phates, nitrates, etc. are not. Thus, HCI is used to convert cations 
into their volatile chlorides. 


Q. 8.7. What is the principle of flame test ? 

Ans. See Section 5.3.3. 

Q. 8:8. What type of flame is employed to perform the flame 
test? How is it obtained ? 


Ans. A non-luminuous flame is 


employed to perform the test. 
It is obtained by keeping the holes of t Bue p 


he burner open. 


. Q. 8.9. Why is a green flame not obtained in the case of 
barium sulphate or phosphate ? ; 


Ans. Both barium sulphate and phosphate are insoluble and 
cannot be easily converted into chlorides, Therefore, the green flame 
is either indistinct or visible with difficulty, k 


Q. 8.10. Why is platinum wire used for flame test ? 
Aas. This is because the Metals other than platinum are 
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attacked by cons. HCI, while platinum wire does not react with conc. 
HCl even at very high temperature. J 

Q, 8.11. Can we perform the charcoal-cavity test without the 
addition of fusion mixture (NaCO and K,CO,) with the carbonate 
of metals ? 

Ans. Yes, wecan directly perform the charcoal cavity test 
without the addition of fusion mixture because the latter simply 
converts the substances into carbonates in fused state. Carbonates 
of metals on heating in charcoal cavity are reduced to metallic state. 

Q.8.12, Why do we not perform borax bead test with the 
white salts ? 


Ans. This test is applied for the identification of the cations 
of the coloured salt only because the borax forms the corresponding 
metaborates which possess characteristic colour. For example, with 
CuSO,, the reaction is 

CuSO,+ B,0, ——> Cu(BO,),+SO3 
(From borax) (Blue) 

Q. 8.13. What is the composition of the bead obtained when 

borax. is heated in the flame ? 


Ans. It consists of a mixture of sodium metaborate and boric 
anhydride. j 


Q. 8.14. Why is a small quantity of mixture used in the borax 
bead test ? 


, Ans. To avoid the formation dark and opaque bead which 
in subsequent treatment cannot be recognized easily. 
1 Q. 8.15. Name the cations which can be identified by flame 
est. 
Ans, Cu*+—Bright green 

Ca*+—Brick red 

Ba?*—Apple green 

Sr?+—Crimson 

K?*+—Lilac 
i Q 816. Whatis sodium carbonate extract? State its uses 
in qualitative analysis. 

_ Ans. When a salt is insoluble in water, it is the normal pra- 
ctice to convert it into a soluble sodium salt. To get this the mixture 
is mixed with five times amount of Na,CO, and suspended in water. 
On boiling for $hr or more, sodium salt is produced by double 
decomposition. The filtrate is used for the detection of anions and 
is called sodium carbonate extract. 


Q. 8.17. Can we use sodium bicarbonate in place of sodium 
carbonate in preparing the extract for detection of anions ? i 
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Ans. No. Metal bicarbonates formed by double decomposition 
will remain in solution. 


Q.8.18. Why is sodium carbonate extract acidified before 
performing the confirmatory tests for anions ? 


Ans. Sodium carbonate extract in addition to the sodium 
salts of anions contain carbonate also. On heating with the test 
reagent carbonate of certain metal precipitate which interferes in the 
detection of acid radicals. Because of this, NaCO; is decomosed by 
adding HCi, HNO;, H,SO,, depending upon the nature of test. 


Q 8.19. Can sodium carbonate extract be used to te t for 
CO?" ions ? 


Ans. No, because it already contains these ions, 


Q. 8.20. Which gas is evolved by the action of dilute acids on 
metal carbonates ? 


Ans. Carbon dioxide. 


Q.821 What is lime water ? 
Ans. It is a water solution of calcium hydroxide. 


Q. 8.22. Why does lime water turn milky on bubbling CO, 
gas through it ? 


Ans. Due to the formation of insoluble CaCO3. 


Q. 8.23. Why does the milkiness obtained in the detection of 
CO, ions by lime water test disappear after some time ? 

åns. Initially CaCO, (causing milkness) is formed which dis- . 
appears due to the formation Ca(HCO,), when CO, is passed for long. 


Q. 8.24 Name the anion which give brown fumes on reacting 
with dilute/conc. H,SO,. 8 


Ans With dilute HSO; NO,- ion gives brown fumes, With 
conc. H,SO, both Br~ and NO,- ions give brown fumes. 


Q. &.25. Name the rotten egg smelling gas. Which ion on 
reacting with acid gives this gas ? 


Ans. H,S. This gas is evolved where §2- is reacting with 
dilute H,SO4. 8 


Q. 8.26. Why does a paper soaked in K. 
green in the detection of SO,*~ ion ? 


Ans. The paper turns green beca 
SO, salt reduces KeCr,0, to Cr.(S 
green. 


Q. 827, Can alter p 
instead of lead acetate paper 


CrO, solution turn 


use the SO, gas evolved from 
O4)s which turns the paper 


aper dipped in silver nitrate solution 
e used for testing a sulphide ? 
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Ans. Yes, a paper dipped in AgNO, when exposed to the 
‘vapours of H,S turns black due to the formation of silver sulphide. 

2AgNO,+H,S > Ag,S+-2HNO, 

Q. 8.28. A gas evolved with effervescence on treating a salt 
with dil. HCl may be CO, or SO.. How will-you distinguish bet- 
ween them ? i 

Ans. (a). SO, hasa pungent burning sulphur smell whereas 
CO, is odourless. 

(b) SO, turns potassium dichromate paper green, whereas CO, 
does not. 

Q. 8.29. How will you distinguish between carbonate and 
bicarbonate ions ? 

Ans. MgSO, gives a white ppt. with carbonate ions in cold 
solution while a white ppt. is obtained with bicarbonate ions in hot 
solution only. 

Phenolphthalein g gives a pink Yolour with carbonate ions and 
no colour is obtained with bicarbonate ions. 

Q. 8.30. How can sulphide ions be distinguished form sul- 

- phite ions ? i 

Ans. AgNO; forms white ppt. with sulphite ions while a black 

precipitate is obtained with sulphide ions. 


BaCl gives white ppt. with sulphite ions while no ppt. is 
obtained with sulphide ions. 


FeCl; solution gives a red colouration with sulphite ions and 
a black ppt. is formed with sulphide ions 


Q. 8.31. How will you distinguish between sulphate and 
thiosulphate ions ? 


Ans. AgNO, gives white ppt. with thiosulphate ions which 
turns black on standing whereas no ppt. is obtained with sulphate 
ions. 

FeCl, gives purple colour with thiosulphate ions which dis- 
appears gradually and no ppt. or colouration is obtained in case of 
sulphate 

Q.8. 32. How will you distinguish between sulphite and sul- 
phate ions ? 

Ans. BaCl, gives a white ppt. with both sulphite and sulphate 
ions. 


BaSO; is soluble in conc. HCl whereas BaSQ, is insoluble in 
conc, HCl. 


FeClg solution gives a red colour with sulphite ion and no 
colour is obtained with sulphate. 
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Q. 8.33. How can nitrite ion be distinguished from nitrate 
ion ? 
Ans. Nitrate ion givesa brown ring with FeSO, and conc. 


sulphuric acid. But with nitrite ion a black coloured solution is 
obtained. ` 


Ì K 8.34. What is the formula of compound present in brown 
ring ? 


Ans. 3Fe?t -NO -+4H+ ——> 3Fe3++NO-+2H,0 
FeSO,+NO —> FeSO,.NO or [Fe(H,0);NO]SO, 


Q. 8.35. Why is a freshly prepared solution of FeSO, used 
for the detection of nitrate and nitrite jons ? 


Ans. This is because Fe?+ ions on long standing are oxidized 
to Fe*+ ions which are not used for the detection of nitrate or nitrite 
ions. 


Q.8.36. Why are hydrogen peroxide and silver nitrate kept 
in coloured bottles ? 


Ans. Hydrogen peroxide and silver nitrate are decomposed by 
sunlight and to avoid tfieir decomposition coloured bottles are used 
for their st: rage. 


Q. 837. Why does only the organic layer assume colour and 
not the aqueous layer when the tests for halides are done ? 


Ans. Both Br, and I, are covalent. They have preference for 
organic layer. 

Q.8.38. What happens when chloride, bromide and iodide 
salts are separately heated with conc. H.SO, ? 


Ans. (a) Chloride gives HCl gas which gives thick white 
fumes with aqueous ammonia. (b) Bromide gives reddish-brown Bro 
vapours. (c lodide gives violet vapours of iodine which turns 
starch paper blue. 


Q. 8.39. How do you distinguish between Br” and NO," ions ? 


Ans. Treat the salt with conc. H,SO,, Pass the reddish-brown 
gas evolved through FeSv, solution. If it turns black, it is NO,-. 
In case it does not turn black, the anion is Bie 


Q. 8.40 Givensalt isa bromide or iodide. H; i 
identify it by treating the salt with chlorine water and CS)? will you 


Ans. If CS, layer assumes an 


i Orange colour, it is Br- So 
layer assumes a violet colour, it is T~. > It is Bro. If CS: 


Q 8.41. Why does the chromy! chloride test fail with Br- 
andI-? 
Ans. Because both chrom 


Ae yl bromide and c iodide are 
not volatile in nature. Recrui eta 
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Q. 8.42. For testing SO,™ with BaCl, solution, why should 
sodium carbonate not be acidified with too much of conc. HCI. 


Ans. In the presence of conc. HCl, BaCl, itself will be preci- 
pitated. The precipitated BaCl, is mistaken as BaSQy. : 


Q. 8.43. Can any other reagent in place of lime water be 
employed for identification of CO, gas ? 


Ans. Yes, Mg(OH), can be employed. 


Q.844. At times in the bottle of pitric acid, brown 
vapours are seen. Comment. 


Ans. Nitric acid decomposes in- the presence of light giving 
NO, gas which is brown. 


Q.845. Can Ba(NO,). solution in place of BaCl, be used in 
the detection of SO,? ions ? 


Ans. Yes. It is the Ba*t ions which forms white ppt. with 
SO,?- ions. Both BaCl, and BaNO, contain Ba®* ions. 

Q 8.46. Sometimes a white ppt. appears when the salt is 
heated with conc. H,SO,. What does it Suggest ? 

Ans. The salt may have Pb?+, Ba?+ or Sr?+ ions which.on 


reacting with conc. H,SO, give insoluble sulphates of Pb?+, Ba?+ 
and Sr**. 3 ; 


Q 8.47. At times the solution of lime water appears milky, 
Comment. 


Ans. The lime water lying in the reagent bottle absorbs CO: 
gas from the atmosphere and produces white insoluble CaCO,. 


Ca(OH),+CO, —> CaCO,(s)-+H.0 


Q 8.48. Name the gas other than CO, which also turns lime 
water milky. 


Ans. SO, gas also turns lime water milky as insoluble CaSO, 
is produced. 


Q 8.49. How will you explain the appearance of yellow ppt. 
with ammonium molybdate in the absence of PO,- ion? 

Ans. Phosphate is tested by heating the mixture with conc, 
HNO; and ammonium molybdate when a yellow ppt. of ammonium 
phosphomolybdate (NH,),PO,.12MoO, shows its presence. Arsenic 


also forms yellow ppt. of ammonium arsenomolybdate under these 
conditions. 


Q. 8.50. Why is necessary to test for the acid radicals first 
with dilute H,SO, and then with conc HS0; ? 


Ans. There are some ions like, SO,2-, S?-, NOs and 
CH,COO- which can react with dilute/conc. HSO, whereas ions 
like Cl”, Br, I~, NOs~ etc. react only with conc. H,SO,. 
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Now if conc. H,SO, is used first then the anions of both 
the types will react. Hence itis desired to test acid radicals first 
with dilute H,SOa and then with conc. H,SO,. 

Q. 8.51. What is chromy] chloride test ? Why is it so named ? 

Ans. Chlorides of metals other than heavy ones e.g Hg*+ on 
reacting with conc. H,SO, and K,€r,0, produce orange colour 
vapours, which on reacting with NaOH and lead acetate produce 
yellow ppt. of PbCrOs. 

Orange colour vapours are that of chromyl chloride, CrO,Cl., 
hence the test is so named. S 

Q°852. Sodium carbonate extract is acidified with HNO; 
in the identification of halides. Comment, 

Ans. HCl and H,SO, are not used as the acids react with 
the test reagent AgNO, and form ppt. of AgCl and Ag.SO, respecti- 
vely. Because of this only HNO, is used for the purpose. 

Q. 8.53. Why is it necessary to prepare original solution for 
the detection of basic radicals ? : 

Ans. The detection of basic radicals depends on the 


behaviour of ions in solution. For this purpose the preparation of 
original solution is necessary as it furnishes free ions in solution 


Q. 8.54. Why do we not prefer to prepare original solution 
in conc. HSO, or conc. HNO; ? 

Ans. It is not advisable to prepare original solution in conc. 
HNO, or conc. HSO, because these are oxidizing agents and they 
oxidize H,S in group II to produce a yellow ppt. of sulphur. 

H,SO, ——> H,0+SO,+[0] 
HNO; ——> H,O+NO,+[0] 


H.S+0 —> H,O + S(s) 
(Yellow) 

Also Pb?*, Ba?*, Sr?*, Cat are precipitated as their insoluble 

sulphates- in presence of conc. H,SO,. 
BaCl,+H,SO, —> BaSO,(s)+2HCI 
(Insoluble) 

Q. 8.55. Whatis solubility product ? Explain its importance 
in qualitative analysis. 

Ans. The ionic product in a saturated solution of an electro- 
lyte at a given temperature 1s always a constant quantity and is 
termed as solubility product. This is denoted by symbol S. 

Whenever in a solution the ionic product exceeds the solubility 
product, the precipitation occurs due to the supersaturation © 


solution. 


T6i 
i "Q.8.56. What is fhe basis of’ classification’ òf cations into 
different groups ? å í Hg 
Ans. The different cations are classified under six group de- 
pending upon the difference in the solubilities’ of their chlorides, 
sulphides, hydroxides and carbonates at different pH values. 
; Q. 8.57. What should we do if the salt is soluble only invdil. 
or conc. HNO, ? . : 
Ans. Evaporate the solution to almost dryness and then 
dissolve the residue ın water or dil. HCl and proceed for the 
analysis. 
Q.858. Why are only Pb?+, Agt and Hg2** ions precipitated 
in group I ? 
Ans. Out of all the chlorides, those of Pb*+, Agt and Hg,2+ 
are insoluble. HClis the reagent of group I. Thus, chlorides“ of 
Pb*+, Agt, and Hg." are precipitated in group I. 


AgNO,+HCl ——> AgCl(s)-+-HNO, 
(White ppt.) 


Other cations remain in solution because their chlorides are 
soluble. 

Q. 8.59. Why is lead placed in group I as well as in H ? 

Ans. This is due to fact that lead is not completely precipitat- 
ed in group I as lead chloride. PbCl, is also soluble in hot water. 
Therefore, the lead which escapes precipitation in group I as PbCl, 
is precipitated in the group IL as PbS. . 

Q. 8.60. _ Is it necessary to acidify a solution before group II 
cations are precipitated with H,S ? 

; Ans. Yes, because for the precipitation of cations of group II 
only small concentration of sulphide ions (S*~) is required. 


This condition is achieved by passing H,S gas ina solution 
acidified with HCI (dil.). Due to common ion effect, concentration 
of S% ions decreases as presence of hydrochloric acid suppresses the 
ionization of H,S—resulting only in the precipitation of sulphides of 
group TI metals. 

Other metal sulphides remain in solution as they require higher 
concentration of $°- ions for their precipitation. i i 

Q. 8.61. Why do we prefer HCI for preparing solutions of 
cations ? 

Ans. Because:most of the salts are soluble in HCI „except 
those of group I. 

. 8.62. Why is it essential to boil off H,S gas before pro- 


ceeding to group III? 
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Ans. Otherwise the sulphides of group IV will also be preci- 
pitated along with precipitate of group III. E 
Q:8.63. Can the solution be acidified with HNO; in place 
of HCl in group II before passing H,S gas ? 
Ans. No, HNO, being oxidizing in nature, oxidizes HS 
gas to form colloidal sulphur, which makes the analysis complicated. 
Q. 8.64. Name the precipitate of group I which is soluble in 
hot water and insoluble in cold water. 
Ans. Lead (II) chloride. . 
Q. 8.65. Give the reason for the formation of a light yellow 
or white ppt. in the group II even if it may not be because of some 
metal ion. aa 
_Ans. Yellow or white ppt. is formed due to the oxidation of 
H.S gas by some oxidizing agents to sulphur which floats on the 


surface. 


BaSO,+-2HCl+2H,S —— BaCl,+3H,0+3S 
(Yellow) 


2NaNO,+H,S+2HCl —- 2NO+2NaCl+2H,0+S 
(Yellow 


FeCl,+H,S ——> 2FeCl,+2HCI+S 
(Yellow) 
Q. 8.66. At times one finds some white ppt. floating on the 
surface of NaOH solution. Comment. 
Ans. NaOH solution reacts with atmospheric CO; gas and 
forms Na,CO; which may float. 


. 8.67. Is it advisables to use conc. HC! in place of dilute 
HCI for preparing original solution ? 

Ans. Conc. HCl can be used but to ensure the precipitation 
of Pb?+ as PbCI, the solution is prepared in dil. HCl as PbCle 
dissolves in conc. HCl due to complex formation. 

. 8,68. What is common ion effect ? Give two examples of 
common ion effect in qualitative analysis of cations. 

Ans. Ionisation of a compound A+B- is suppressed by. 
addition of another compound A*C~ having the common ion, At. 
This is termed the common ion effect. In the third group, ionization 
of NH,OH(NH,OH@NH,*+ OH ) is suppressed by adding NH,*Cl- 
having the common ton, NH,?. 

In the second group, ionization of H,S(H,S@2H*++S*) is : 
suppressed by adding HC! having the common ion, H+. 

8.69. Group I filtrate is made moderately acidic before 
proceeding to Group IL. 2 


) 
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Ans. Precipitation of the sulphide can occur only when the 
ionic product [M?*][S?-} exceeds the solubility Product of the: 
sulphide, MS. ` 

` In the presence of acid, the ionization of H.S is suppressed 

due to the increased Concentration of H+, Asa result, there are! 

only few S?2~ ions in solution which are enough only to Precipitate 
c. 


But for the precipitation of CdS, the coneentration of S2- js” 
not enough. Hence the Concentration of [H+] should be further 
` decreased by ‘diluting the Solution so that the H.S is ionized exten: 
sively. As a result S?~ ions are made available in sufficient quantity- 

which can precipitate the Cd?* ions, ie., ionic product [Ca?+][s2~] 
“exceeds the solubility product of CdS. . f 


. Q. 8.70. What is the use of adding nitric acid in the precipi- 
tation of group III cations as hydroxides, : 

: Ans.. Nitric acid is useful in the oxidation of ferrous salts to 
ferric salts in group III. ia 


3FeSO.+4HNO, ——> Fes(SO,),+Fe(NO,);+NO+2H,0 


Q.8.71. Why is it essential to oxidize ferrous salt to ferric’ 
salt ? z 


Ans. This is because the ferrous salts are not completely pre- 
cipitated as Fe(OH), in the presence of NH,CI on the addition of 
NHLOH and thus iron will also be Precipitated in the group IV as 
FeS on Passing H,S. 

Therefore, to Precipitate iron completely in the group ITI, it is 
necessary to oxidize ferrous salt to ferric salt. a 


Q. 8.72. Why do we add excess of NH,CI and NH,OH in. 
the precipitation of &Toup III cations ? 

Ans. The Solubility product of hydroxids of cations of group 
IIL is extremely low. H P 


NH,CI suppresses the ionization of NHOH toa great extent 
due to common ion effect. Asa result, low concentration of OH- is 
made available for Precipitating group III Cations hydroxides, 

Other hydroxides remain in solution as- they require higher 
concentration of OHM ions for Pcecipitation as hydroxides, 


Q. 8.73. Can NH,Cl be replaced by. any other ammonium 
salt for the precipitation of group III cations ? 


Ans. Yes, NHNO, can be used in place of NH,Cl for the 
Precipitation of group III cations, Ammonium sulphate cannot be 
used as jt may precipitate Ca?+, Ba®+ and Sr2t+ as insoluble - 
sulphates, F i iti 


Sy 


Q. 8.74. Why are Zn, Mn; Ni, Co not precipitated in the 
group III as hydroxides ? 


Ans. The solubility product of hydroxides of Zn, Mn, Ni and 
Co is very high. For this purpose they require high concentration of 
OH- ions. This is not possible in the group III as NH,Cl suppresses 
the ionization of NHsOH due to common ion‘effect. 


Q. 8.75. How will you distinguish between ferrous and ferric 
salts? ` i : 


Ans. Ammonium sulphocyanide -does not give any coloura- ` 


tion with ferrous salt while it gives a blood red colour with ferric 
salt. 


Potassium ferricyanide produces a blue ppt. with ferrous salt 
while a brown colouration is obtained with ferric salt. 


Potassium ferrocyanide gives deep blue colour or ppt. with 
Ac*+ ions only. 


Q. 8.76. Can we add NH,OH first and NH,Cl later in the 
analysis of group III cations ? : 


Ans No; the function of NH,Cl is to suppress ionization 


of NH,OH and thereby prevent precipitation of Zn(OH), Mg(OH)., 
Mn(OH),, erc. 


In case NH,OH is added first, these hydroxides will be imm- 


diately precipitated. Once hydroxides are precipitated addition of 
NH,CI will be of no use. 


Q. 8.77. Can we use NaCl and NaOH in place of NH,Cl and 
NH,OH in the group III cations precipitation ? 


Ans. No ; NaOH is a strong base and highly ionized. Even in 
the presence of-NaCl, [OH] will be large enough to precipitate 
Zn(OH)», Mg(OH)», etc. 


Q. 8.78. Why is a brownish ppt. obtained in Group III even 
if iron, aluminium ånd chrominium are not present ? 


Ans. When NH,C1 is not present in sufficient amount, Mn is 
precipitated as MnO,.H,O which is brown in colour. 


Q. 8.79. Why are the group 1V cations not precipitated as 
sulphides on passing H2S gas through group II solution ? 


‘Ans. For the precipitation of cations of group IV, a very large 
concentration of sulphide ions (S2-) is required which is not avail- 


able in the group I as the ionization of H,S is suppressed by HCI 
(common ion effect). 


s- In precipitating the cations of group LV, high concentration of 
ions is reached as OH~ j 


So 30 ions released by NH,OH ünite with H+ 
aoe by HS. ‘Thus the solubility product isexceédéd ‘and the 
cations of graup IV are precipitated as ZnS, NiS, MnS and CoS. 
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Q. 8.80. How. will you. explain the addition of excess of 
NH,OH in precipitating the sulphides of group IV cations ? 

Ans. The solubility product of Group IV Tadicals is greater 
than that of Group I ions. Therefore, a higher concentration of 
S% ions is required’ to precipitate Group IV ions as their 
sulphides. Now to get a higher concentration of $27 ions, HS gas 
is passed in presence of NH,OH. The OH- ions from NH,OH 
neutralize the H+ ions from HS to form undissociated water mole- 
cules. The removal of H+ ion causes more HS to dissociate or 
ionize, thus increasing the concentration of $% jons and so the 
Product [M®+][S?-} exceeds the Solubility products of the sulphides 
of Zn, Mn, Ni and Co and hence they are Precipitated. 

(M=Zn, Mn, Co or Ni) 
2NH.OH=2NH,++20H- 
H,S#2H*+$2- 
2H*+20H->2H.0. 


Q. 8.81. Why is, at times, a black coloured precipitate 

obtained in group IV even if nickel and cobalt iors are not Present ? 

Ans. A black coloured Precipitate is obtained in the group 

IV due to the incomplete removal of iron in group IIL. Iron escapes 

precipitation in group III due to lack of enough NH,OH. Fet is 

reduced to Fe*+ by H,S which finally gets Precipitates as FeS (black) 
in group IV even when both Co and Ni are absent. 


FeC],-++H,§ —-> 2HCl + Fes (s) 
(Black ppt.) 


Q. 8.82. At times colloidal precipitate is obtained in group 
1V. Comment. 


Ans. To prevent the colloidal precipitate, ammonium chloride 
must be present in large, amount. H-S should not be passed for 
Jong. 

Q. 8.83. All aqueous solutions of the Cobaltous salts are 
pink. Comment 

Ans. Almost all aqueous solutions of cobaltous salts are pink 
due to’ the formation of [Co(H,0),]2?* ion. 


Q. 884. Why is NH,Cl essential in the precipitation of the 
group V cations ? 

Ans. Ammonium chloride prevents the precipitation of Mg?+ 
as MgCO; by the group reagent (NH4): CO, by lowering down its 
dissociation into NH,* and CO,- ions. 

Q. 8.85. Does the excess of NH,Cl affect the Precipitation of 
group V cations by (NH4), CO, ? : 

Ans. Yes, the concentration of CO,?> is decreased because the 
common ion NH,” suppresses the ionization of (NH,), CO,. 
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th Gabel 2NH2Zt+CO; = (NHA CO; i 
to such an extent that the solubility products of Group y Mimas 
are not exceeded and ‘therefore they are not precipitated. 


yi ‘Further, the concentration . is decreased: becapse of the combi- 
l ation ‘of NH, and CO,=. ; 


By 


ho Q. 8.86. How will you remove: the excess of RG before 
adding (NH,)2CO; for the precipitation of Group V ? 


oy Ans, NHC}, i is removed by treating the filtrute from Group 1V 
with couc. HÑO,. On heating to dryness ammonium: chloride is 
‘decomposed according to the following equations : 
NH,CI-+-HNO,>NH,NO;+HC! 
NH,NO3>N.0-+-2H,0 ek 
Q. 8.87. Why is CaSO, not platai on adding ammo- 
nium sulphate to a solution containing Ca?t and Sr®* ions ? 


Ans, CaSO, is not precipitated due to the formation of a 
complex with (NH,4)2SO,. 
(CH,COO),Ca+(NH,)2SO,> CaSO, +2NH,Cl 
CaSOc+(NHY).SOc>(NFa)s [Ca(SO,)o] 
Soluble complex) 
_ Q. 8.88. At times NH,OH is added before adding (NH4)sCOs, 
to precipitate group V cations. Explain. 
Ans. Ammonium hydroxide reacts: with bicarbonate present 
as impurity in (NH,4),CO, as given below : 
NH,HCO,-+NH,OH-+(NH,).CO,+H,0 


The presence of bicarbonate is undesirable as the bicarbonates 
of Ba?*+, Sr?+ and Ca?* are soluble in water. 


cer 


8.89. At times warning is suggested while precipitating 
group V cations. Explain. 

Ans. The impurity_of bicarbonate ion in, (NH,).COs, form 
soluble bicarbonates of Ba** and Sr?+. Warming decomposes these 
bicarbonates into normal carbonates which are precipitated. 
pn Ca (HCO;).>+CaCO,+H,0+CO, 

The solution must not be boiled otherwise insoluble. “carbo- 
nates with ammonium chloride are converted into soluble chlorides. 

CaCO,+2NH,Cl> CaCl,-+(NH,),COs, 


e 


Q. 3.90. Can we use Nay CO; in place of (NH,),CO, in Group 
Ni? 

Ans. No; (NH,);CO, i is a weak electrolyte and its ionization 
is suppressed by the presence of NH,Cl. “NaCO; is a strong elect- 
rolyte and in its solution [CO,*"] is ee high to precipitate even 
MeGOs in, in, group V. 
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Q. 8.91. At times no precipitate is obtained on adding 

(NH,)2COs even if Group V radicals are present. Comments. 3 

Ans. Precipitate is obtained when the solution is dilute. 

In dilute solution, (NHj4)sCO, hydrolyses to give carbonic acid 

which is a weak electrolyte. Its. ionization does not produce 

sufficient CO- ions concentration to precipitate Ca**, Sr?+ and 
Ba‘* as carbonates. 

(NH,)2CO,+-2H,O > 2NH,OH+H.CO, 


- Q. 8.92. Why do we test Group V cations in the order of Ba, 
Sr and Ba ? ‘ s Hy 
Ans, This order is based on the following facts : ion, 
(i) Only the chromate of barium is insoluble in acetic acid 
whereas those of calcium and stontium are soluble in acetic acid. 
_ (ii) Both barium and strontium form in soluble sulphates but 
calcium does not. ` 
(iii) The oxalates of barium, strontium and ‘calcium are 
insoluble. 
Q. 8.93. Only acetic acid is employed’ for dissolving the 
Group V ppt. Comment. 
Ans, Itis due to the following reasons : 
(a) If HSO; is used, Ba*+, Sr?+ and Ca?+ will be precipitated 
as their sulphates. } 
(b) If the ppt. is dissolved either of the three acids, i.e., dilute 
HCI, H,SO, or HNO, calcium will not be precipitated by adding 
(NH,)aC O, because CaC,O, formed is soluble in these acids. 
_ However, the use of CH,COOH is free from the above diffi- 
culties. Hence it is used for dissolving the Group V ppt- 
Q. 8.94. Calcium oxalate is soluble in dilute HCI? Explain. 
Ans. When calcium oxalate is treated with dil. HCl the 
oxalate ions will combine with H+ ions of HCI to give feebly ionized 
oxalic acid. 


HCl=Ht-+Cl- 

Cc COOH 
| +-Ca®t 

COOH i 
(Feebly ionized) 


o0, 
l DR aS 
COO: 


Q. 8.95. Why isa precipitate of magnesium carbonate not 
formed along with the carbonates of Ba?+, Sr?t and Ca®* in group 
Vv? 

Ans. Magnesium requires higher concentration of CO,- ions 
for its precipitation as MgCO; which is insufficient in group V due 
to the presence of NH,C! along with (NH,).COs. 
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_, NHC! suppresses the ionization of (NH,),CO, thereby a iow 
concentration of CO,- ions is made available due to commen ion 
effect. 
NHC = NH,t+CI- 
(NH,).CO; = 2NH +CO,2- 
(Common ion) (Low concentration) 

Q. 8.96. At times a white ppt. is obtained in Group Vi even 
in the absence of Mg. Comment. 

Ans. The cations of Group V which are not completely pre- 
cipitated, precipitate in Group Vl. Asa result the ionic product 
[Ca?+] [C,0,°-] becomes less than the solubility product of CaCO, 
and hence it dissofves in HCI. 

Q. 8.97. How is magnesium identified in Group VI ? 

; Ans. The filtrate from Group V is treated with disodium 
hydrogen phosphate and aq. ammonia. A white crystalline ppt. of 
Mg (NH,)POQ, is obtained on scratching the walls of test tube. 

MgCl.+ Na, HPO,+NH,—— MgNH,P0O,+2NaCl 

Q. 8.98. What is a magneson reagent ? Suggest its use in the 
detection of Mg?* ions. 


Ans, It isa 0.5% soluticn of p-nitrobenzene-azo-resorcinol in 
0.25N NaOH solution. 


SNEIN 
on-(Q)n-n-_>-0H 
ZTN 


NAZ 


p-Nitrobenzene-azo-resorcinol 


It is used for testing Mg?*+ ions. Magneson reagent is 
added to the filtrate obtained from Group V. A blue lake is formed 
when the mixture is made alkaline with NaOH 


With NaOH, Mg** ions present in the Group V filtrate from a 
ppt. of magnesium hydroxide. 


Mg?+-+-20H-——>Mg(OH), 


On the ppt. of Mg(OH)», magneson dye is adsorbed to yield a 
blue coloured lake. 


Magneson+ Mg(OH),—-—Blue lake 


aa 
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UNIT 9 


Identification of Ions in Common 
Fertilizers 


9.1. INTRODUCTION 


Increasing population is putting strains on the food resources. 
of this planet. Chemistry plays a very important role in the develop- 
ment of agriculture and in the production of more and better food. 
Chemical fertilizers or manures are added to the soil to increase its 
fertility as for the healthy growth of plants. The production of food 
stuffs today owes much not onlyto the use of chemical fertilizers but 
also to the development of selective weed killers and pesticides. 


In the 1840s, Liecbig, a German chemist, analyzed bird dropp- 
ings and found that nitrogen, phosphorus and potassium formed 
the three major components. Experiments quickly confirmed that 
plants produced unprecedented yields when treated with bird drop- 
pings. Thus, the ‘N-P-K’ theory of fertilization was born. 


These three elements, ie. nitrogen, phosphorus and potassium 
are the primary or macro-nutrients. These are used up by plants 
and the soil suffers a deficiency of compounds of these elements in 
soil. Apart from these, iron, calcium, magnesium and sulphur, 
called secondary nutrients, (micro-nutrients) are also required in 
smal! quantitiés. Later it was discovered that elements like, cobalt, 
zinc, molybdenum, copper mangenese, chlorine and boron play 
key roles in plant nutrition. Their deficiency in soil is less common. 

A manure is a natural substance obtained by the decomposi- 
tion of animal excreta or plant residues. A chemical fertilizer is an 
artificially produced salt or some other chemical substances (organic 
or inorganic) containing the necessary plant nutrients. The elements 
are present in such forms that plant can readily make use 

‘of them. Manures contain plant nutrients in small amounts but 
organic matter such as humus in plenty as compared to fertilizers. 
Humus increases the productive capacity of the soil. It improves 
the physical and chemical properties of the soil. 


Some of the common fertilizers are listed below : 
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1. Nitrogenous fertilizers, 
nitrate, sodium nitrate, urea, calciu 


nitrate (CAN). 


“2. Phosphatic fertilizers, 


superphosphate. 


3. Potassium or potash fertilizers, 


potassium nitrate. 
ABS) 


P or K) are called 


Fertilizers, which contain only one Primary nutrients (ie. N, 
Fertilizers composed of more 


than one Primary nutrients 
According to the contents, 
NPK type. For example, 


(i). Potassium nitrate, KNO, 
(i) Ammonium dihydrogen 


lizet of NP type (Ammophos) 


NPK type fertilizers are calle 


all the primary: nutrients, 


S2 IDENTIFICATION OF IONS IN COMMO; 


Most of theknown common fertilizers contain NHgt, Ca*+, Kt, 
Nat, NO,-; SO,?-, Cl- and PO,*- ions which can easily be detected 
i i i sual tests of these jons discussed 


Single fertilizers, 


they are 


| Table 9.1. Identification of C1- and NO, ions 


` Experiment 


Ammonium sulphate, ammonium 
m cyanamide, calcium ammonium 


Superphosphate of lime or triple 


Potassium chloride, 


are known as mixed fertilizers. 
classified as NK, NP, PK or 


—A fertilizer of NK type 
phosphate, (NH,)H,PO,—A ferti- 


d complete fertilizers, They supply 


N FERTILIZERS 


iy) 


v4 


Take a small quaatity (0.5 g) 
‘of the fertilizer ina test-tube 
and add conc. HS0, (1 mL), 


., Observe if any reaction takes 


2: 


place in cold. Warm gently 
and observe the gas evolved, 


If a- pungent smelling gas 


» evolves 


(i) bring a glass rod carrying a 
.- drop of amomnia solution 
near the issuing gas. 


an (íi) add a small amount of 


MnO, to the Teaction 
mixture and heat it. 


(iii) bring moist iodized starch- 
paper near the opening 
of the test-tube in (ii), 


Observation Inference 
(i) Pungent . Smelling Ci- 

and irritating gas (due present 
+., to evolution of HCI) 

(ii) Light- brown fumes NO,- 
with a characteristic present 
irritating smell (due 
to NOs gas) 

Dense white fumes of ci- 

NH,CI! are Produced present 

Greenish yellow Cl gas Cj- 

evolves. It has a Pungent present 

odour, 

Dark blue colour Ci- 

appears, present 


—— 


pom 


dys Acidify-1 mL ,of aqueous 
„solution of fertilizer with 


retay ¢ 


AgNO; solution. 


(ii) Add aqueous ammonia to 
the white ppt. of AgCI. 


Chromyl Chloride Test: Take 
0.52 of the fertilizer (1 part) 
and K2CraQ, (1 part) in a test 
tube. Add conc. HaSO4 and 
heat. ‘ 


Pass the red vapours of 
CrOzCl, through dil. NaOH | 
solution. | 


Acidify the yellow solution 


with acetic acid and add lead. 


acetate solution. 

_ If the fertilizer on reacting 
with conc. HSO% produces’ 
light brown fumes p 
(i) add copper turnings to 

the reaction mixture and 
heat. + 
(ii) expose a moist potas- 
sium iodide paper to the 
issuing fumes 


(iii) expose a moist iodized 
starch paper to the issu- 
ing fumes. 

To aqueous solution of ferti- 

` lizer add freshly prepared 
ferrous sulphate « solution 

‘followed by conc. H,SO4 

along the side of the tube. 


dilute HNQ3- and, add “ 


Dirty white ppt. of AgCI 
appears which turns grey | 


on getting: exposed to | © 


light. 5 


ppt. dissolves. forming Arie 


soluble complex 


Red vapours of chromyl 
chloride are produced. 


Yellow solution of ` 
„sodium chromate. is 
obtained. 


Yellow ppt. of lead chro- 
mateis obtained ‘ 


Dense brown fumes evolve. 


The paper acquires yellow 
colour. 


The paper acquires a blue 
colour. 


Conc. H,SO, forms the 
bottom layer. A brown 
ring appears at the junction 
of the two liquids due to 
the formation of complex. 


TTL 


GHA i 
confirmed 


AE 
_ confirmed 


confirmed __ 


ci- a 
confirmed 


ci- 


- confirmed 


NO;- 
present — 


NO,- 
present 


NO, 


"present 


NO;- 
present 


Table 9.2, Identification of S0, and PO, ^ 


Experiment Observation ‘Inference 
1, Acidify 2-3 mL of 
aqueous solution of 
fertilizer with dil. HCI 
and divide the solution 
in two parts. 
(i): To one part add barium White ppt. of BaSO; is obtained.  SO,2- ` 
chloride solution. | Insoluble in all mineral acids, confirmed 
(ii) To the other part of the White ppt. of lead sulphate is , 50,2- 
solution add acetic acid obtained which is soluble in confirmed 
and lead acetate solution © ammonium acetate solution, 
i 1 Lio due to the formation of soluble; 


lead acetate. 
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2. Acidify 2-3 mL `of | Siow formation . of canary- POK- 
egueous soiutiomof:fertit yellow ppt, of ammonium phos- present 
lizer with dil. HNO). To- Phomolybdate: takes:place: 


this add 2-3 mL of conc, 

O,and5mL ofam- 
monium molybdate solu- 
tiom: Now heat the 
contents, 


The chemistry involved in the tests 
9.2) to identify CI”, NO,-, SO,2- and POS- 
appropriate place in Unit 8. 


Table 9.3. Identification of 


perfo: 


«med (Tables 9, and 
ions is outlined at the 


Ca*t 


Experiment Observation Inference 
1. Perform flame test with A brick red flame is obtained. Cast 


the sample of the ferti- 


present 
lizer, (For flame test 
refer to Unit 8). ‘ 
2. To the aqueous solution White ppt. of CaCO, obtained, Cast 
of the fertilizer add Present’ 
NH,CI (aq), NHiOH 
and (NH,),COs(aq) and 
stirr the contents. Warm 
and allow to stand the 
solution, 
3. Take the Ppt. (from 
test2) and add hot 
dilute acetic acid. i 
To the solution add A white ppt. of calcium oxalate Cat+’ 
conc. ammonium oxa- is obtained. confirmed 
late solution and heat. 
4. Add to the ppt. (from Pink colour of KMnO, solu- Catt 
test 3) obtained, dil, tion is discharged. confirmed 
H,SO4 or HCl, Now 
add a few drops of dilute 
KMnQ solution, 
Table 9.4. Identification of NH,"*, K+ and Nat ions 
| 
F | 
Experiment Observation "Inference 
1. (i) Heat a small amount Ammonia’gas evolves, NH,* present 


of fertilizer with a 
few mL of sodium 


hydroxide solution. 

(ii) Bring a glass rod dip- Dense white fumes of  NHe 
ped into hydrochloric ammonium chloride are confirmed 
acid near the exit of obtained 


gas. 


. Preform the 


To the aqueous solution: - 


of fertilizer, add a few 
‘drops of NaOH -to make 
şt alkaline. Now add 1-2 
mL of Nessler’s reagent 
solution. 


To 1-2 mL of the aqueous 
solution of the fertilizer 
add a few drops of acetic 
_ acid and freshly prepared 
* solution of sodium cobal- 
“tinitrite, Shake and allow 
it to stand. 


flame test 
with the solid sample of 
fertilizer. 


| To 1-2 mL of the aqueous 
solution of fertilizer add 
a small volume of potas- 
sium | dihydroantimonate 
(KH,.SbO.) solution. 
Warm the solution and 
scratch the inside’ of ‘the 
test tube with a glass rod. 


Perform the ‘flame test 
with the solid sample of 
the fertilizer. 


A brown ppt. (iodide of 
Millon’s base) is ob- 
tained. 


Abright yellow ppt. of 
KeNa[Co(NO,)] is ob- 
tained. 


A violet flame but in- 
tense violet red (or 
crimson) through blue 
glass. 


A crystalline white ppt. 
of NaH,SbO4s which 
sticks to the wall of the 
test tube. 


A golden yellow flame 
but invisible through 
blue glass. 
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NH4+ 
confirmed 


K+ present 


K+ confirmed 


Na+ present 


Na+ confirmed 


J Note: While performing the tests of kt and Na+, ammonium salts should be 
absent as they tend to interfere in their detection. 


X „The chemistry involved in the tests (Table 9.3) performed for 
identifying Ca*+ is given at the appropriate place in Unit 8. 
The chemistry involved in the detection of NH¢", K* and Nat 
is given below : ; 
1. (i) Ammonium salt on heating with sodium hydroxide 
gives ammonia gas. 


NH,Cl--NaOH ——> NaCl-++-H,0+NH,(g). 
Ammonia 

(ii) Ammonia gas reacts with the vapours of HCl forming 

dense white fumes of ammonium chloride. 
NH,;+HC! ——> NH,Cl(s) 
(Dense white fumes) 

2. Alkaline solution of ammonium salt reacts with Nessler’s 
reagent. A ted brown ppt. of the iodide of Millian’s base, NH} He,1 
is obtained. ai 

NH,*+NaOH ——> NH,+-H,O+Nat* 
K,Hegl, —> 2KI+Hel, 


Nessler’s reagent 
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Hgl.++2NH, —-> He(NH;)I+NH,I 
Hg(NH,)I+Hel, — NH-Hg,1,(6) or [Hg LNH 
(Red brown ppt.) 


VAEN 
or (H:N—He—1)+H20 —> 9 NH,.I-+NH,1 
Nye” 


(Red brown ppt.) r 
._ 3. Addition of sodium cobaltinitrite toa solution containing 


Kt ions gives a yellow crystalline Ppt. of potassium sodiocobalti- 
nitrite. 


n 2KCI-+LNa,[Co(NO,), —> KNa[Co(NO,),-+2NaC] : 


The precipitation Teaction is also shown by NH,’ ions, ‘Hence 
the test for K*ions should be performed in theabsence of NH," ions, 
If NH,* ions are Present they should be Temoved from the Solution 
by boiling it with NaCO; or NaOH before performing the test.: 


4. The chemistry of the flame test has. already beer discussed 
in Unit 8. pie 


5. Weakly alkaline or neutral solution of sodium compounds 
when treated with a solution of potassium dihydroantimonate gives 
a white crystalline Ppt. of sodium dihydroantimonate, 


NaNO, +KH,Sbo, - > NaHSbO,(s)+KNO, 
(White) 


6. The chemistry of the flame test has already been discussed 
in Unit 8. . 


ORAL QUESTIONS AND ANSWERS | 
Q.9.1. What is a fertilizer ? 


Ans. A chemical compound which is added to the soil for 
making up the deficiency of primary plant nutrients, 


Q.9.2. How does a manure differ from fertilizer ? 


Ans. A manureisa natural Substance whereas a fertilizer ’s 
synthetic chemical compound. 


Q. 9.3. Name the groups of chemical fertilizers. 
Ans. 1. Nitrogenous fertilizers, 

2. Phosphatic fertilizers. 

3. Potash fertilizers, 


Q. 9.4. Name. three nitrogenous fertilizers with their 
ormulae ? . 
Ans. 1. Sodium nitrate (NaNO,). 

2. Ammonium nitrate (NH,NO,). 


3. Calcium ammonium nitrate (CAN) ; CaNH,(NO,),- 


174 


Q. 9.5. What are the primary nutrients ? 


Ans, Elements needed by plants in large amounts are called 
primary nutrients, e.g. Nitrogen, phosphorus and potassium. 


Q. 9.6. Name three secondary nutrients. 
Ans. Calcium, magnesium and iron. 
Q.9.7. What are mixed fertilizers ? i 


Ans. Mixed fertilizers are those which provide more than 
one primary nutrients to- the soil, e.g. Calcium ammonium nitrate 


(CAN) 
Q. 9.8. Name the most important phosphatic fertilizer. 


Ans. Superphosphate of lime (a mixture of calcium di- 
hydrogen phosphate and calcium sulphate, which is soluble in mater): 


.Q. 9.9. What is ammophos ? 


Ans. Itis a NP type fertilizer and its chemical name ‘is 
ammonium dihydrogen phosphate; NH,.H3PQ,. 


Q. 9.10. What are the essential characteristics of a good 
fertilizer ? 


Ans. 1. It should be soluble in water. 
2. It should be stable. 


3. The elements present should be easily assimilated by plants. 


oo 


UNIT 10 


Reactions of Carbohydrates, Fats and 
Proteins and their detection in Food 
Stuffs 


10.1. INTRODUCTION 


Body can be thought of as analogous to a large chemical 
factory in which many Taw materials in-the,form of food are intro- 
duced and converted into useful Products to: 


Ci) sustain life, (ii) provide energy, (ii) promote growth 
of body,- tissues and cells, (iy) Teplace worn Ont tissues, and 
(v) maintain and regulate body’s complex Processes, e.g, digestion, 
Tespiration, metabolism, erc, 


The essential Constituents of a balanced “food are water, 
carbohydrates, Proteins, fats and oils (lipids), mineral salts and 
vitamins. Each Of the constituents has specific Purpose of function. 


10.2. CARBOHYDRATES 


This class of compounds are among the most major constitu- 
ents of most living systems; act as the main Source of energy for 


plants, they form the greater part of the cell tissue on which the 
Plant relies for its support. They include familiar substances like 
glucose, sucrose, Starch, cellulose, erc. They provide with all the 
three basic needs of life, viz. food (as starch containing grains) 
clothing and shelter {cellulose in the form of cotton, linen, wood, 
etc.). The name Originates from the fact that many sugars (which 


Cal H O)m— i.e.. carbon hydrate—hence the name carbohydrates, 

us, glucose, C,H,.O, the most common Sugar, can 
C.(H,0), and Sucrose as C,.(H,O),,. However, these Tepresenta- 
tions do not explain their relative nature. They bear little or no 
Telationship to the structures known today. 


. They are produced by green plants (by chlorophyj| 
Pigment of plants) in nature from carbon dioxide and 
action of Sunlight via a process called Photosynthesis 
hydrates are the end products of Photosynthesis in pl 


» the green 
water by the 
. Thus, carbo- 
ants. 
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nCO;+mH,O0+Solar enetgy—+C,(H.O)m+-nO, 
Carbohydrate 


Plant photosynthesis 
hy (chlorophyll) 


or 6COs+ 6H,0 amos nea a CoH120,+ 60, 


Animal respiration 
AH=—2860 kJ mol-1 


, The driving force for the reaction is supplied by sunlight. 
This reaction helps in storing some of the energy given out 
by the sun. Animals consume the carbohydrates and convert 
them back to carbon dioxide and water, in the process releasing and 
using the stored energy of the sunlight. 


Carbohydrates are usually defined as polyhydroxy aldehydes 
(e.g. glucose) and ketones (e.g , fructose) or substances that hydro- 
lyse to yield polyhydroxy aldehydes and ketones, 


Carbohydrates containing an aldehyde group are collectively 
called ‘aldoses’, while the ketonic sugars arereferred to as ‘ketoses’, 
Thus, glucose is referred to as an aldohexose while fructose is an 
example of ketohexose (both glucose and fructose contain six carbon 
atoms and individual sugars end in the suffix-‘ose’, hence the name 
hexose). We hive seen that because carbohydrates contain >- =0 
and —OH groups, they exist, primarily, as hemiacetals and acetals 
-or as hemiketais and ketals (Unit 16 Text Book Class XII). 


The simplest hydrolysed. products of carbohydrates are called 
monosaccharides, They cannot be further hydrolysed into simple 
Carbohydrates, On a molecular basis, carbohydrates that yield on 
hydrolysis Only two molecules of a monosaccharide are called 
disaccharides (e.g. maltose and sucrore); those that yield three 
Molecules of a monosaccharide ate termed trisaccharides ; and so 
On. At times, all Such carbohydrates that produce 2 to 10 molecules 
of a monosaccharide on hydrolysis are called oligosaccharides. 
“Carbohydrates that yield a large number of molecules of a mono- 
saccharide (more than 10) are called polysaccharides e.g., starch, 


‘glycogen and cellulose. 


10.2.1. Tests for Sugars 
Some of the common tests for carbohydrates are discussed 


‘briefly here : 

1. Molisch’s test : This test is given by all types of carbo- 
hydrates. To about 1 mL of a 5% aqueous solution of the carbo- 
hydrate add 2-3 drops of Molisch’s reagent (10% alcoholic solution 
of a-naphtho!). Now add 1-2 mL of conc. H,SO, along the sides 
of the test tube so that it forms a separate layer. Appearance of 
blue or violet coloured layer at the junction of two layers shows the 


presence of a carbohydrate. 
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Chemistry of the test : Conc. H,SO; reacts with the carbo- 
hydrate to form furfural or a derivative of furfural. This unites with: 
a-napthol forming coloured compounds. 


2. Reduction reactions of carbohydrates. Carbohydrates 

act as reducing agents. They react with some of the common reag: 

: ents such as Fehling’s solution, Barford’s reagent, Benedict’s rea- 

gent, etc. A few disaccharides, e.g. sucrose, maltose, etc. and 
polysaccharides do not react with the abové listed reagents. 


(i) Fehling’s solution. It isa mixture of solution A and 
and B. 


Solution A : It isa 7% aqueous solution of copper sulphate. 


Solution B : It is prepared by dissolving ~ 35 g of Rochelle 
salt (sodium potosium tartrate) and 12 g of caustic soda in 100 mL 
water. Fehling’s solution is prepared by adding equals volumes 
of both A and B solutions just before the use. 


Now to about 1-2 mL of a 5% aqueous solution of carbo- 
hydrate add 1-2 mL of Fehling’s solution. Heat the content in a 
boiling water both for’ ~ 5 min. Apprearance of red ppt. shows 
the presence of reducing sugars. 


_ Chemistry of the test : Fehling’s solution contains Cu2+ ions: 
which are reduced to Cut by carbohydrates. Cut ions in the 
alkaline medium are precipitated as cuprous oxide (red colour). 


H OH 
| l 
C=0 TTS 
| ] 
(CHOH),+2Cu(OH), ——> Cu,0+-(CHOH),+2H,0 
| (Brick red | 
CH,OH precipitate) CH,OH 
d-Glucose d-Gluconic acid 


(ii) Benedict’s solution: To 1-2 mL of a 5% aqueous: 
solution of glucose or lactose in a test tube add 2 mL of Benedict’s 
reagent. Heat the test tube ina boiling water bath. Appearance of a 
yellow or red ppt. confirms the presence of glucose or lactosé. 


ae Chemistry of the test : The chemistry of ‘the test is almost 
Var to Fehling’s solution. Cu2+ ions present in the Benedict’s 


Solution are reduced i ich i i 
Rea © Cut ions which in the presence o i 
precipitate as cuprous oxide (red). p ene 


liii) Tollen’s rea : 
carb i reagent: Tol-2mL of aqueous solution of 
niagal oreo a test-tube, add 2-3 mL of Tollen's reagent (ammo- 

zate solution). Heat the test-tube in a boiling water 


bath for 5 X 
—i0 minutes Appear. ini il F 

: ‘ance S 
the presence of reducing sugar. of shining silver mirror shows 


Chemistry of the test : The diammine silver (I) jon 
Present in Tollen’s reagent is reduced on treating with glucose 
(aldohexose) to metallic silver within a few minutes. Sugar is oxj- 
dized to aldonic acid. i 


CHO . COOH 

|. 2fAg(NHs3)2]+OH- | 

(CHOH), -————____, (CHOH),+-2 Ag+4NH,+ HO 
if | Metallic 
| | silver 
CH,OH i CHOH 

d-Glucose Aldonic acid 


3. Iodine test: This test is applicable for Starch To an 
aqueous suspension of starch in water, add a few drops of 0.02 N 
iodine solution. Appearance of violet purple colour shows the 
presence of starch. 4 : 


Chemistry of the test: Todine formsa blue com plex with 
Starch. It is a very specifie test for starch, 


Distinction among common carbohydrates 


Test Glucose Lactose Sucrose Starch 
1. Taste Sweet Sweet Sweet Tasteless 
2. Solubility 

in water, Soluble Soluble Soluble Insoluble 


3, Molisch’s Purple ring Purple ring Purple ring Purple ring 
4 test 


4. Fehlings Red ppt, Red ppt. Negative Negative 
reagent y 

5. Benedict’s Red ppt. Red ppt. Negative Negative 
reagent 

6. Tollen’s — Silver mirror. Silyer mirror Negative Negative 
Teagent MOF 

7. Iodine © > Negative Negative Negative Violet colour- 


test 


10.3. FATS AND OILS 


Fats and oils are esters of gylcerol (a trihydroxy alcohol) and. 
long chain carboxylic acids. These long chain carboxylic,acids. 
having even number of carbon atoms are called fatty acids because 
they occur in fats which are stored in animals and plants. -The tri- 
esters of fatty acids with glycerol] are Known as triglycerides. 


Fats (solids) and oils (liquids) may be represented by the 
general formula. 
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(0) 


i 
Raritan a 


Where R, R’ and R” may be the same or different groups, and 
(0) 


I 
the fatty acid parts (—C—R) may be saturated or unsaturated: 
Fats are the esters of glycerol and generally saturated acids. Oils 
are esters, that are produced primarily from unsaturated acids and 
glycerol The acid part of the fats generally contain an even number 
of carbon atoms (usually 16 to 18). The acids generally present in 
fats and oils are 


Name Structural formula 

Palmitic  CH,(CH,),,COOH 

Stearic CH,(CH,);,COOH 

Oleic CB3—(CHz);—CH=CH—(CH,);—COOH 
Linoleic CH,(CH,),CH=CH—CH,—CH=CH—(CH,),— 


—COOH 

Linolenic CH;CH,—CH—CH—CH,—CH = CH—CH,— 
—CH=CH—(CH;),cCOOH 
Ricinoleic CH,(CH,),CH(OH)CH:— CH=CH(CH;),COOH: 
Naturally occurring fats and oils 
kinds: ofi esters. Milk, ghee, butter, 
familiar fats. Peanut oil, olive oil, soy. 
palm, oil,and coconut, oilare some of, th 


at times contain different 
and tallow are some of the 
abean oil, cotton seed oil, 
e commonly.used oils, 
10.3.1. Tests for Fats and Oils 


1. Solubility Test. Fats and oils a: 
solvents such as chloroform, benzene, etc. They are insoluble in 
water. Take a small amount ofthe fat sample and’ shake it well 
with about one; mb of chloroform. If it dissolves; the sample may 
besa fat. A 

2. Spot'tests for fats and o 
tonseed oil on a piece of filter pape 
the filter paper. Jf a transluscent s 
it shows the presence of fat or oil. 


re soluble in organic 


ils. Place a drop’ of oil say cot- 
r. Press it between the folds of 
Pot is formed on the filter paper, 
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Heat the filter paper bearing the spot by Keèping it sligħtly 
away from the flame. If the size ofthe spot on the filter paper 
increases, this establishes the Presence of fat or oil. 


3. Acrolein test. Heat a small amount of fat or oil with 
potassium bisulphate crystals in a test-tube. A pungent odour due 
to formation of acrolein confirms the Presence of fat or oil. 


Chemistry of the test. In this reaction, the fat initially gets 
hydrolysed to free glycerol. Glycerol is then converted by KHSO, 
to a pungent smelling compound, aerolein. 


Oil or fat ——> Glycerol-+-Fatty acid 


CH.OH KHSO, CH, 
| > I 

CHOH Heat “a +2H,0 
| 

CH.OH y CHO 

Glycerol . ` Acrolein 


4. Distinction between desi ghee and vanaspati ghee. 
Vanaspati ghee contains 5% seasame oil which is added at the 
time of manufacture. Pure desi ghee does not contain seasame oil. 
The detection of seasame oil can be helpful in differentiating pure 
ghee from vanaspati ghee. Baudouin test is employed for the purpose, 


Baudouin’s test. Take 1 mL of desi ghee ina test tube and 
add 1 mL of conc. HCl, Now add a few drops of 2% alcoholic 
solution of furfural. Shake the contents and keep it for 5-10 min. 
Appearance of rose red colour confirms the presence of vanaspati 


5. Determination of relative unsaturation in fats and 
oils. Oils are more unsaturated than fats. The extent of unsatu- 
ration ina sample ofa fat or oilcan be determined by Huble’s 
reagent. The reagent can be Prepared by mixing equal volumes of 
(i) 5% solution of iodine in 95% alcohol, and (ii) 6% solution of 
mercuric chloride in alcohol. The degree of unsaturation can.be 
estimated by the rate of disappearance of violet colour of iodine 
present in Huble’s reagent’. 


Put 5 mL chloroform in test tubes marked A and B. Add 
5-10 drops of the oils Say cottonseed and linseed oils in test-tubes 
A and B respectively. Shake the Contents well. Now add 5 drops 
of the Houble’s’ reagent to each of the test tubes. Look for the 
relative discharge of iodine colour in the test tubes from time to 
time. In the tube A having cottonseed oil, the colour of iodine is 
not discharged whereas in the tube B having linseed oil, the colour 
of iodine decreases to an appreciable extent. This Shows that linseed 
oil contains a Jarge excess of unsaturated acid. 
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10.4.: PROTEINS 


‘Proteins perform the most diverse functions. As enzymes and 
ing the reactions 


ypes of proteins go 
They take part in thousands of 
ur ina living cell. The name protein is 
word ‘proteios’ meaning first or primary, , 
i.e. compounds of Primary importance. They contain the elements- 
carbon, hydrogen, nitrogen, oxygen and sometimes sulphur and 
Phosphorus. Proteins are built of long linear chains of some 20 
different a-amino carboxylic acids. Thus, proteins can be termed 
the polyamides from amino acids (monomeric units). 


Although there:ar. 
amino acids, there are 
amino anda corboxyl 
are designated 


e Structural differences among the common 
also certain’ similarities. They all contain ad 
groups attached to the same carbon atom an 

a-amino acids.. They all differ in the chemical nature 


of side chain, R. The general formula of an amino acid is given 
below : 
H H 
| a-CARBON ATOM | 
r H.N—— CG ivi = H,N*— c —— COO 
CARBOXYL | TÉ 
-AMINO GROUP t GROUP AMINO GROUP Ļ CARBOXYLA 
aN iON 
SIDE CHAIN 
DIPOLAR ION 
AMINO ACID 


(ZWITTER ION) . 


(R= HYDROGEN OR OTHER GROUPS) 


ked together by condensation reaction 
rT molecule between each joned unit. 
= amino acid and the a-amino gioup of 
another join through amide linkage, —CO—NH— called peptide 
iinkage. The Tesulting Structures are called Peptides. The individual 
amino acid of a peptide is called amino acid residue. 


Amino acid units are lin 
involving the loss of a wate 
The a-carboxyl group of one 


pee 
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(0) (0) 
k Il IPS ana, S] i] i 
bp —{OH + _Hi— NH — oH — C — OH 
R R 
l -H0 
(0) le) 
Il ' 
HN — CH— C — NH — CH— C — OH 
l Amide or l 
L =] peptide ~ 
Amino acid linkage Amino acid 
residue residue 
Dipeptide 


Depending on the number of amino acid residues per mole- 
cule, peptides are referred toas dipeptides, tripeptides and so on 
finally polypeptides. A protein molecule is a polypeptide and 
may contain hundreds or thousands of amino acid units joined in a 
linear fashion. Their molecular masses range from 15000 to 60000 
or more Each polypeptide can have any number of any one or the 
different types of amino acids which can be present in any squence. 
Each polypeptide has one free carboxylic acid (—COOHB) at one end 
which is called C-terminal and free amino group at the other termi- 
nal which is called N-terminal. 


On hydrolysis proteins break down into smaller fragments 
called peptides which in turn hydrolyse to amino acid units. 


104.1. Tests for Proteins 


Colour Reactions of Amino Acids 


1. Biuret test. A protein solution with alkaline copper 
sulphate solution gives a violet—pink colour. It serves to identify 
the presence of Protein and polypeptides. To 2—3 mL solution of 
5% cgg white (or gelatin) in a test-tube, add 1 mL of 40% sodium 
hydroxide solution. Then add 1—2 drops of 1% copper sulphate 


solution. Appearance of violet or pink colour shows the presence of 
proteins. 


Chemistry of the test. In this test, peptides, on hydrolysis 
yield the constitutent amino acids. The colour is due to the forma- 
tion of a complex between Cy2+ and >C=O and —NH, groups of 
of the peptide linkages. This test is not given by amino acids which 
do not contain peptide linkage or by dipeptide which contains: only 


"one peptide linkage. 
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2. Xanthoproteic test. It identifies the presence of amino- 
acids which contain a benzene ring. Thus, it confirms the presence: 
of amino acids, like, tyrosine, tryptophan or phenylalanine. 
A protein solution on warming with concentrated nitric acid turns 
yellow. On making it alkaline with ammonia, it becomes dark yellow 


and finally orange. A yellow stain produced by nitric acid is 
attributed to this type of reaction. 


Take 2—3 mL of 5% solution of egg white in a test tube. Add 
2—3 drops of conc. nitric acid. First a white ppt. is obtained 
which changes to yellow. The liquid in the test tube also becomes. 
yellow. Now cool the test tube and add excess of 40% sodium 
hydroxide or aqueous ammonia solution to make it alkaline. The 


yellow colour changes to orange if the protein is present in the egg 
white. 


Chemistry of the test. The yellow colour in the above test 
is due to the nitration of the benzene ring in phenylalanine, tyrosine 
and tryptophan present in-protein. 


3. Millon’s test. A protein solution with Millon’s reagent 
(HgNO, in HNO,) gives a white precipitate which turns brick red: 


NINHYDRIN 
o 
iH] 
Ze = 
PSC R: CH COO 
t=0 + l 
AAA NH + -HOt 
NC: 3 
n a 
9 i ) 
G 
O PN Va 
(I 
eee < : 
i c 
l 
o al 
. o 
BLUE ANION 


UI 
+ R CH + CO, 
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on boiling. It serves to identify proteins which contain the pheno- 
lic amino acid, e.g. tyrosine, serine, etc, ; 

Add 2—3 mL of Millon’s reagentto 2—3 mL of 5% solution 
of egg white contained in a testtube. Heat the contents in a 
water both. Formation of white ppt. which turns red on heating 
shows the presence of protein in egg white. 

4, Ninhydrin test. It identifies the presence of a-amino acids. 
Add 4—5 drops of 0°1% ninhydrin solution to mL of 5% solu- 
tion of egg white contained in a test tube. Boil the contents for ong 
min. Appearance of blue colour on cooling shows the presence of 
protein. 

Chemistry of the test. Ninhydrin, a powerful oxidizing 
agent, deaminates the a-amino acids liberating ammonia. Deami- 
nated a-amino acid in turn reacts with ninhydrin to produce a blue 
compound, 

Proline and hydroxyproline do not react with ninhydrin in the- 
some way because their «-amino groups are part of a five membered 
ring. 

10.5. EXPERIMENTS 


Experiment 10.1. To proye the presence of carbohydrate 
(glucose) in grapes. 

Apparatus. Test tubes, test tube-stand, pestle and mortar, 
glass rod, funnel, filter paper. 

Materials. Grapes, Molisch’s reagent, Fehling’s solutions, 
Benedict’s reagent, distilled water. 

General. If glucose is present in grapes then their juice- 
should give +ve test for carbohydrates (Section 10.2.1). 

Procedure. (i) Crush some groups in a mortar with pestle. 
Filter the juice, if necessary. (Juice can be extracted in a electric 
machine). 

(ii) Apply various test given for carbohydrates, i.e. Molisch’s 
test, Fehling’s solution test and Benedict’s test, etc. usinga 1.0 ml. 
of the juice at a time. 

(iii) Record the observations of tests in your record book 
as suggested below : 

‘Obesvations : 


Experiment Observation Inference 


Extract the juice of grapes. 
Perform the following tests 


with juice : 
(i) One mL of the juice Red ppt appears Carbohydrate. 
+Fehling’s solution, warm. present, 
(ii) - .+Molisch’s reagent 


+Benedict’s solution 


(iti) a 
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Result. Grapes contain carbohydrates. 


Experiment 10.2. To Prove the presence of starch in pota- 
toes, banana, corn cobs or SWeet potatoes. 
Apparatus. Same as in Experiment 10.1. 


Materials, Potatoes, etc. iodine solution, distilled water. 


General. Starch, carbohydrate ‘gives the test with iodine 
Solution (Section 10.2.1), 5 


' Procedure. (i) Take a few slices of potatoes. Crush them in 
“a mortar with pestle. Adda few mL of distilled water and mix 
the contents well, Separate the juice. i 


(ii) To 1 mL of potatoes’ juice, add a few drops of iodine 


solution. Observe the colour change. Appearance of blue colour 
shows the presence of Starch. 


Apply the same procedure to banana, corn cobs or sweet 
potatoes. 


Result. Potatoes, etc, contain starch, 
Experiment 10°3. To Prove that groundnuts contain oils. 
Apparatus.” Same as in Experiment 10.1. 


Materials. Raw groundnuts, filter paper, potassium bi- 
‘sulphate, distilled water. 


Procedure. (i) Crush the groundnuts in a mortar with a 
pestle well and separate the oil. Press the crushed paste of the 
groundnuts between the folds of filter paper. If the transluscent Spot 
appears on the paper, it confirms the Presence of oil in groundnuts. 


(ii) Now apply the other tests listed in Section 10.3.1 


and 
Tecord as suggested below : 


‘Observations : 


Experiment Observation Inference 


1. Solubility in water of the extract, Insoluble Extract is oil. 
2. Perform acrolein test’ with extract. 


Irritating Extract is oil, 
smell. 


Result. Groundnuts contain oil. 


i Experiment 10.4. To prove the presence of protein in egg 
white. 


Apparatus. China dish, 


z x Scissors, 
Suggested in Experiment 10.1, 


and other things as 
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Materials. Eggs, distilled water, testing reagents (Section 
10.3.2). 

Procedure. Break a fresh egg ina china dish. Transfer the 
white of egg to a beaker. Release the protein from the membranes 
‘by cutting them repeatedly with scissors. Separate the egg white. 

-Now take 5 mL of this egg white in a 100 mL measuring flask. Now 
make up the volume up to the mark by adding distilled water. 
Shake the contents until foam appears. ; 

Now use this solution for carrying out the tests for. protein 
listed in Section 10.4.2 and record the observations as suggested in 
earlier experiments. 


Result. The egg white contains protein. 


Note. Gelatin dispersion is prepared by adding gelatin (5g) to 
-warm water (100 mL), Use the cold solution. 

Experiment 10.5. To confirm the presence of carbohydrates, 
fats and proteins in the various samples of food. 

(i) milk, (ii) apple juice, (iii) cashewnuts, etc. 

Hint. 1. Tests for the presence of carbohydrate (lactose) and 
protein in milk. Heat the milk, say 100 mL, ina container until 
a semi-solid mass is obtained. Perform the various tests listed in 
Sections’10.2.1 and 10.4.2 using this semi-solid mass. 


2. Test the presence of carbohydrate in apple juice. Perform 
the tests discussed in Section 10'2'1. 


3. Test the presence of oil in the extract of cashewnuts. 

Perform the tests discussed in Section 10.3.1. 
ORAL QUESTIONS AND ANSWERS 

Q. 10.1. Name the various constituents of food? | 

Ans. There are five vital constituents of food, viz. 
(i) carbohydrates, (ii) fats and oils (iii) proteins (iv) mineral salts, 
and (y) vitamins. 

Q. 10.2. Give the difference between oils and fats. 

Ans. Both oils and fats are esters of glycerol. The basic 
difference between oils and fats is that oils are liquids at room 


temperature whereas fats are solids. Also, oils have more unsatura- , 
tion than fats. 


Q. 10.3. What are the basic functions of carbohydrates, 
proteins and fats and oils in the body. 

Ans. Carbohydrates are mainly required for the supply of 
-energy to body. At times when carbohydrates are not in sufficient 
supply, fats and oils supply energy to the body. Proteins are 
exclusively required for building up tissues. They help in the 
regeneration of cells also. 
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Also refer to Sections 10.2, 10.3 and 10.4, 
Q. 10.4. What is the general formula of carbohydrates ? 
Ans. C2(H.O)m. 


Q. 10.5. What is the chemical nature of carbohydrates, pro- 
teins and fats ? 


Ans. Refer to Sections 10.2, 10.3 and 10.4. 
Q. 10.6. What is Fehling’s solution ? 
åns. Itis obtained by mixing two solutions say A and B. 


Solution A contains copper sulphat: 
contains potassium hydroxide and 


Q. 10.7. Is Fehling’s test given by all sugars ? 


Ans. Fehling’s test is given only by reducing Sugars such as. 
glucose, fructose, erc. but not by non-reducing like Sucrose, starch, 
etc. 


Q. 10.8. How would you test carbohydrate in apple juice ? 

Ans. Take ~ 2 mL apple juice in a test tube. Add 1 mL of 
: i i a-naphthol) and a few 

ide of the test tube. 


Ppearance of a pink Purple or violet colour at the junction of two: 
layers shows the presence of carbohydrate in the apple juice. 


Q. 10.9. What is the cause of violet colour in the Molisch’s. 
test 2 


Ans. In the Presence of conc. sulphuric acid 
gives furfural or One of its derivatives, These give a Purple coloured 
Product on coupling with a-naphthol. 

Q. 10.10. What is Huble’s solution ? 


Ans. It is obtained by mixing e 
solution in alcoho] and 6% solution o 
It is used for determining Telative uns 


carbohydrate 


qual volumes of 5% iodine 
f mercuric chloride in alcohol. 
aturation in oils and fats. 

Q. 10.11. What is Baudouin’s test ? 

Ans, It is hel 


ees pful for detecting Scasame oil present in vanas- 
pati ghee. 


difterentiating two ype oro, SHA Ol. This testis helpful in 
Q. 10.12. (i) What are Prcteins ? 
(ii) What is a peptide linkage ? 
(iii) What is the role of amino a 


cids in Proteins, 
Ans, Refer to Section 10.4, 


a. 
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Q@. 10:13: What is a Millon’s reagent $ 


Ans. It isa solution of mercuric nitrate in nitric acid. It 
‘serves to identify proteins which contain the phenolic amino acid, 
æ g. tyrosine. 


Q. 10:14. What is Xanthoproteic test 7’ 


Ans. It identifies the presence of amino „acids. which contain 
benzene'ring. In this test, protein is heated with conc: HNO; when 
it becomes yellow: 


Q. 10.15. Which are more unsaturated : oils or fats ? 
Ans. Oils. 

Q. 10.16. Describe the ninhydrin test. Give its chemistry. 
Ans. Refer to Section 10.4.1. 
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UNIT 11 
Identification of Functional Groups 


11.1. INTRODUCTION 

The large family of organic compounds containing only the 
elements carbon and hydrogen is appropriately named the hydro- 
carbons. Hydrocarbons are of importance because they may be 
considered as the basis of all the organic compounds. Replacement 
of hydrogen atom ina hydrocarbon by an —OH group gives an 
alcohol; a —COOH group gives a carboxylic acid. It is the presence 

: of groups such as these in the molecules that produces the dominant. 
chemical characteristics of substances. A substance is what it is— 
that is, it behavas as it does chemically —because of the presence of 
one or more functional groups- Thus, all organic compounds can 
be looked on as being-derived from the hydrocarbons. 

All compounds with the same functional group will undergo 
similar reactions. For example, the following alcohols : CH,—OH, 
CH,—CH,—OH, CH;—CH(OH)—CHs, ete. The double and 
triple bonds of alkenes and alkynes are chemically reactive and 


are, thus, considered functional groups. The —C—C— bond is quite ` 


stable. Some of the common functional groups are given in the 
Table 1171. 


TABLE 11.1 
Name General structure ` : Functional 
formula group 
T7 
1. Alkane Cn res DEN 
2. Alkene CnHon : dened 
3. Alkyne CnHen_y aSo 
4. Alcohol R—OH —OH 
BAY —c=0 
5. Aldehydes ‘ geY | 
H H 
R 
6. Ketones Nc=0 See 
R^ yo-0 
7. Carboxylic acids 
o o 
Il 1 
R—C—OH —C—0oH 
8. Amines R—NH; —NH 
9. Nitro compounds R—NO, —No. 
10. Phenols Ar—OH =O" 
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In this unit, we will learn about the tests employed for the- 
detection of unsaturation, alcoholic group, phenolic group, carbo- 
xylic acid group, ketonic group and amino group in an organic- 
compound. 


11.2. TESTS FOR UNSATURATION IN ORGANIC COM- 
POUNDS 


Unsaturation in an organic compound is exhibited _ by 
>C=C< and —C=C—bonds present in the compound. Since 


nsaturated compounds also react with alkaline potassium perman- 
Fant’ (Baeyer’s reagent) giving characteristic oxidized products. 
Hence, Baeyer’s reagent can be used for detecting unsaturation. 


() Bromine D sent test. . Dissolve a small quantity of 
the compound (~0, 8 or 0.2 mL) in about 1-2 mL of distilled 
water contained in a test tube. Add 1 mL bromine water solution 
hil by drop, ote the change in colour. If the colour of 
bromine disappears, the Compound is considered to be unsaturated. 


i Br ia 
ScacZ Ny, 
C=€X +Br, (aq) ——+ Nc—C 
Al XN (Guna ted) A S 

$ (Colourless) 


a dil Note. (i) If the Organic compound is not solubje in water, 
Hute solution of bromine in carbon tetrachloride is employed. 
(ii) A gascous > PENE i saturation 
ing i Crganic compound is tested for its un 3 : 
o eet it through 1-2 mL of bromine solution. At times the 
tpa Pound can be tested by pouring | mL of bromine solution into, 
pea gas ue containing the compound (gas). Decolourization o: 
Town-red colour of bromine shows unsaturation. 
a (ii) Baeyer's test. Take about 0.2 g (0.5 mL) of mese 
pk 1n a test tube. Dissolve in 2 mL water in acetone: rea, 
in RE of 2% cold solution of alkaline potassium perma te 
. m watdr (Na CO, is used to make the solution alkal inel, Note 
tion in fea colour. If the purple colour disappear BA Bae Eim 
at the a Compound is indicated. A brown ppt of MnO, 
Ottom of the test tube. 


2 Kmno, (aq)-+H,0(1) eer 2K OH(aq)+-2Mn0,(s) +310] 


A 
>c=cK +H,0+[0] —— Da a 
OH OH 


op, Note. The slightly alkaline or neutral aqueous solution of 
KMno, is called Baeyer’s Teagent. Baeyer’s test is sometimes 
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called hydroxylation as: it involves the addition of —OH group 
in a unsaturated compound. Im case the reaction is'carried' out at 
high temperature the cleavage of the bond .takes place. The colour 
of KMnO, solution can be discharged by certain reducing agents 
or groups like —OH, — CHO, etc. Hence, the test is not very reliable 
for unsaturation. 


Precautions. (i) Handle the organic compounds carefully. 
(ii) Keep them away from the flame. (iit) Don’t heat them 
directly over a flame. (iv) While performing the bromine solution 
test, use the same solvent both for bromine and the compound. 
(v) Bromine is a corrosive liquid. 


11.3. ALCOHOLS 


The genenal formula for the monohydric alcohols is 
CnHeniiOH (or RHO). They may be regarded as alkane derivatives 
in which hydrogen is replaced by the hydroxyl group. RH, the 
alkane becomes ROH, the alcohol, where R is any alkyl group or 
benzyl group, for example, ethyl alcohol C,H,OH, benzyl alcohol 
C,H;CH.O8H, etc. ‘ 


Alcohols are classified according to the number of hydroxyl 
groups in the molecule as monohydric (one —OH group), dihydric 
(two —OH groups), trihydric (three —OH groups), etc. Glycol isan 
example of dihydric alcohols and glycerol is an example of trihydric 
alcohols. When four or more hydroxyl groups are attached, they 
are called polyhydric alcohols. 


C.H;-OH  CH,—OH CH,—OH 
CH,—OH CH—OH 


CH,—OH 
Ethanol | Glycol Glycerol 
(Amonohydrie (A dihydric (A trihydric 
alcohol) alcohol) alcohol) 


_ Monoliydric alcohols’ are’ further classified’ as’ primary 
secondary and tertiary according’as'they contain oné, two, or three 
alkyl groups’ attached’ to’ the alcohol carbon (the carbon to which 
DN group is attached). These alkyl groups may be same.or 
different. 


H H R 


| | | 
R—C—H R—C—OH R—C—OH a en 
| | 


| | 
an H H R 
n alkane) (Primary (Secondar i 
y (Tertiary 
alcohol) alcohol) alcohol) 


af ear. ty EEN 


> asthe. 


1- An aromatic alcohol is an aromatic compound’ that contains’ F 
the hydroxyl group attached to a side chain: L 


CH,OH 


ó 


Benzylalcohol 
(Aromatic alcohol) 


Its properties are more like that of an alcohol than a phenol. 
A phenol is an aromatic compound containing hydroxyl group 
attached to an aromatic ring. 


11.3.1. THE —OH GROUP IN ALCOHOLS 


In the —OH group in alcohol, the oxygen has six electrons, 
two.of them unpaired, in its outer shell. In the alcohols, one of 
the unpaired electrons of oxygen is bonded covalently to a carbon 

| eë: 
atom, the other to hydrogen :—C x ʻO‘ x H.. The introduction of the 
S is: 
highly electronegative oxygen atom significantly changes the Proper- 
ties of the hydrocarbons. The molecules become polar, as charge 
centres develop in the neighbourhood of oxygen, 


Tot R 
Hy,C—Q—H 


All hydroxyl groups show acidic Properties to a certain degree. 
They are acidic by virtue of the fact that hydrogen atom of the 
—OH group can be Temoved as H* by bases. The skeleton to which 


i 
—O—H+H* —> —O+—H 


11.3.2. TESTS FOR ALCOHOLIC—OH GROUP 


(i) Sodium metal test. Take 2-3 mL of the compo 
in a dry test tube. Now add a small amount of ANE 
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ium chloride (dehydrating agent) to remove moisture. After 
eens decant off the liquid compound to another dry test tube. 
To this add a freshly cut small piece of sodium metal. Brisk 
effervescence with evolution of hydrogen gas shows the presence of 
alcoholic functional group in the compound. 


C,H;OH (1)+Na (s) ——> C,H,ONa-+}H. 
fl AEO T en 

(ii) Ester formation test. Alcohols react with carboxylic 
acids forming sweat smelling esters. The reaction is called esterifica- 
tion. Take a 1-2 mL of the organic compound in a dry test tube. 
Add afew drops of glacial acetic acid and also that of concentrated 
sulphuric acid (works as a catalyst) to it. Warm the Contents in a 
water bath for 5-10 min with occasional shaking. Smell the vapours 
coming out of the test tube. A characteristic pleasant smell due 
to the formation of ester shows the presence of alcohol. 


H,SO, 
¢,HsOH + CH,COOH ——-+ CH,COOC,H, + H,O 
Ethanol Acetic acid H+ Ethyl acetate water 


(iii) Ceric ammonium nitrate test. Treata few drops 
of the alcohol with ~ 1 mL of the ceric ammonium nitrate reagent. 
Appearance of red colour shows the possibility of alcoholic 
hydroxyl group. 


2 R—OH+(NHy4), Ce (NO;), ——> (ROH), Ce (NO3) +2NH,NO, 
Ceric ammonium nitrate (Red) 


(iv) Xanthate test : Take 1 mL of the compound in a test 
tube and about 1 g of powdered KOH. Warm the contents. Now 
cool the contents and add 4-5 drops of ether and CSa. Shake the 
contents. Formation of yellow ppt. shows alcoholic —OH group. 


(vy) Iodoform test (Refer to Section 11.5.4), | 


Precautions. (i) The alcohol should not contain wate: i 
reacts with sodium metal to Produce hydrogen gas, ue 
(it) Do not throw unreacted Sodium metal j i 
2 z nto the sink or 
waste bin as it may cause fire. Add more alcohol 
sodium to complete the reaction, nepuna 


a 1e wi 4 > oudin 
few minutes while with primary alcohols no Appres eee after a 
observed at room temperature, 
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Take 1-2 mL of dry alcohol ina dry test tube and add 5-10 
drops of Lucas reagent. Shake the reaction mixture well and warm 
the contents in a boiling water both. Observe the changes taking 
place in the tube. 


CH, CH; 
| ZnCl, +HCI 
pao OH ———— > sly ie 
CH, CH, 
x tert-Buty] alcohol tert-Butyl chloride 
OH cl 
| ZnCl,4+HCl1 | 
CH,—CH—CH,—CH, ——— > CH,;—C—CH,—CH, 
sec-Butyl alcohol sec-Butyl chloride 
ZnCl,+HCl 
CH;—CH,—OH —————-> No reaction. 


(ii) Oxidation with K,Cr,0, or KMnO, : Primary alcohols 
are first oxidized to aldehydes and then to carboxylic acids 
containing the same number of carbon atoms, as the original 
alcohols. 


Secondary alcohols are oxidized to ketones, with the same 
number of carbon atoms, as the original alcohols. The ketone on 
further drastic oxidation gives an acid with a lesser number of 
carbon atoms than the original alcohol. 

„Teritary.alcohols do not undergo any oxidation in neutral or. 
alkaline medium. With acid oxidizing agents, they give a mixture 
of ketones and carboxylic-acids each containing a lesser number of 
carbon atoms than the original alcohol. 

Table 112 Methods of distinguishing between primary, 
Secondary and tertiary alcohols 


pigs Primary Secondary Tertiary 
S alcohol alcohol alcohol 
Acilitied “Alsons, TONSKA IEE ae 
Er] RCHO formed R:CO formed oxidation 
SRITI) [blue Cr+ (aq) [blue Cr*+ (aq) 
~ formed] formed] 
HSS Alkene Intermediate Alkene 
rA formed in speed formed 
ae slowly fast 
4Cas reagent Cloudiness Cloudiness Cloudiness 
ae HCI due to appears in appéars in 
Add t 13) formation of 5 minutes _ 1 minute 
and LC alcohol RCI is slow due to the for- owing to the 
boil gcein to appear. mation of RCI formation | 
bath, © “ter (Anhydrous of RCI, which 
ath, conditions is insoluble 
are needed in water. 


for primary - 
na alcohols.) 3 
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11.4. PHENOLS 


Phenols are aromatic compounds in. which —OH group is sub- 
stituted directly on the benzene ring. The compounds are classified 
as mono-, di- and trihydric phenols according to the number of 
—OH groups contained in their molecules. Phenoland its deriva- 


tives such as o-cresol, catechol, pyrogallol and nitrophenol are 
typical aromatic compounds. 


l ae at ti ne yaa Gy 
y OH 
Phenol o-Cresol NO? Pyrogallol 
(Monohydric) Catechol _p-Nitrophenot (Trihydric) 
(Dihydric) 


11.4.1. The —OH Group in Phenol 


y A lone pair of electrons associated with the oxygen of phenolic 
—OH interacts with the x-system of the benzene ring and is deloca- 
lized over the entire molecule. As a result of delocalization of elec- 
trons, the —C—O— bond acquires some double character and 
becomes stronger than —O—H g-bond. Also the increased electron 


density in the benzene ring activates it, and gives electrophillic 
substitution reactious. 


— : Resist 
_ . / cleavage 
A pE i $ 
Resist ise ral B 
cleavage Easily i 
cleaved Easily 
Phenol cleaved 
- (Resonance hybrid) (R=alkyl) 


In alcohols, no resonance is thus possible 


The non-bonded 
electrons remain localized on the oxygen atom. The g 
ins i ; G —C—OH lin- 
kage retains its o bond character and is weak as 
infphenols. compared to that 


11.4.2. Tests for Phenol (—OH) Group 


(i) Acid character : 


Phenols behave as We i 
theyfionize when dissolved in water to form n ae isda 
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(Oyon e OE 


Phenol _ Phenoxide ion 


Phenols are markedly more acidic than alcohols, although less 
so than carboxylic acids. They dissolve in aqueous sodium 
hydroxide to form soluble sodium salts known as phenoxide. 


(O)-on + NaOH ——+ (Oy ona +H0 


Phenol Sodium, 
phenoxide 


The introduction of nitro (—NO,) and.chloro groups increases 
the acidity of the phenols. 

Acidity of phenol is due to two reasons : 

—Resonance stabilisation of benzene ring by the non-bonded 
electron pair present on oxygen atom of the phenolic —OH. 

—Resonance stabilisation of phenoxide ion. 

The acidic nature can be confirmed by litmus test. If the 
litmus solution or paper turns red then phenol may be present. No 
` effervescence is seen with sodium hydrogen carbonate. 

(ii) Tests with FeCl, solution: Phenols form coloured iron 
complexes with neutral FeCl. This reaction is often used as a test 
for phenols. Phenol gives violet colouration. 


(Oyo Fe 


Iron complex 
To 1-2 mL of the aqueous or alcoholic solution of the com- 
Pound contained in a test tube add a few drops of neutral ferric 


Caon solution. Appearance of green, blue or violet colour 
shows the presence of phenolic group. 


ee —phenol, o-cresol, salicylic acid 
nae : —catechol 
ae changing to red —pyrogallo], hydroquinone 
teen colour in alcoholic—o-, -m-, -p- cresols, resorcinol 
i solution §-naphthol 
Bluish violet colour in i 
alcoholic solution —«-naphthol 


_,, Note: To prepare neutral ferric chloride take 1 mL of the 
acidic solution of ferric chloride solution in a test tube. Add aqueous 
ammonia drop by drop until you get brownish ppt. Now add 1-2 
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drops of dil. HCI to dissolve the ppt. The solution of ferric chloride 
So produced is called neutral ferric chloride solution. 


(iii), Liebermann’s test : Most of the phenols produce red 
or brown coloured Product when NaNO, is added to a solution of 
the phenol in conc. HSO, The colour changes to red when an 
excess of water is added. The solution agains turns blue or green on 
adding caustic soda.. 


2NaNO,+H,SO, ——> 2HNO,+Na,SO, 


HN: C,H,OH 
(OJo TLN S (0% OH ———= y 


P—NITROSOPHENOL 
(BLUE) 


i NaOH 
“Oo N= =O a Ho N= =O | 


INDOPHENOL ION INDOPHENOL 
(BLUE) (RED) 


Take a compound (~0.5 g) in a test tube. Add a few 
crystals of NaNO, and-1 mL of conc. H,SO,. A green or blue 
colour is developed on warming the contents in a water-bath, Pour 
the contents into water, when the colour changes to red. Now add 
excess of caustic soda, when the colour again changes to ¢ 
blue, 


(iy) Azo-dye formation test: 
a test tube with 0.5—1 mL of conc. HCl. Dilute contents with water, 
cool in a freezing mixture bath and add aqueots solution of NaNO, 
with stirring. Mix this diazotized Solution’ with alkaline Solution of 
(~2N NaOH) phenol. Appearance of orange or red colour due to 


dye formation shows the presence of phenolic —OH group. 
HNO, = 
NU Sari imams \ j N= NCI 
| C,H.OH 


3 Ce, 
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: 2 = ae k 
(v) Phthalein test: Heat 0.5g of the compound with 1 g 
phthalic anhydride and 2-3 drops of conc. HsSO,4. Cool and make 
the reaction mixture alkaline by adding NaOH solution. Pour a few 


‘drops of the alkaline reaction solution into ~20 mL of water. 
Appearance of red colour or yellow green fluorescence indicates the 


_ presence of phenolic —OH group. 


Red colour - = Phenol, o-cresol 

; Blue colour = Catechol, m-cresol 
Fluorescent green == Resorcinol 
No colour = p-cresol 


T OH 


O 
Ul 
: ex H,SO, ; XS 
OORO O 
x AC ae 
HO OH 


PHENOLPHTHALEIN 
(IN ACIDIC MEDIUM) 


Precautions. Phenols are corrosive compounds. Handle them 
carefully. Don’t touch them or let them fall on your skin. ` 


11.5. ALDEHYDES AND KETONES 


Aldehydes and ketones are the first oxidation products of 
primary and secondary alcohols respectively. They constitute two 
isomeric series of carbon compounds, with the general formula 

(0) (0) 

I I 
R—C—H for aldehydes and R—C—R’ for ketones. Here R and R’ 
could be alkyl or aryl groups and they could be same or different. 


The ye=0 group is the functional group and is called carbonyl 


group. The single hydrogen atom attached to this group also 
displays a special reactivity and is responsible for the differences 
petween the chemical properties of aldehydes and ketones. 


Formaldehyde is the smallest molecule in which the >C=0 
group is attached to two hydrogen atoms (one hydrogen is in place 
of R and the other is a part of aldehydic group). 


260 
: 11.5.1. . Nature of the Carbonyl Group 


The carbonyl group has a gcometry similar to that of the 
carbon-carbon double bond in alkenes. 


more electronegative, the el 


carbonyl compounds. The Xc=0 double bond thus differs from 


—C=C— bond of alkenes which is non-polar in nature, 


120° C 


The carbon atom of Xc=0 is sp? hybridized and is joined to 
three bonds which lie in a plane making an angle of 120° with one 
another, 


11.5.2. Tests for Aldehydes (—CHO) and Ketones (RCOR’) 


(i) Addition of sodiu. 


and ketones react with sod 
formi 


with 


m hydrogen sulphite: Aldehydes 
ium hydrogen sulphite (sodium bisulphite) 
ng addition compounds. The addition product on treatment 
acids or alkalis Tegenerate the original carbonyl compound. 


SO,H 
>c=0-4NatHSo,- LEN O 


Carbonyl ha No- Nat 
compound Bisulphite 
compound (crystalline) 
Proton transfer OH H+ 
e TN e AS 


C=0 —— Carbonyl compound 
NatO,-S~ OH- y 2 


For example : 


CH CH SO,Na HCI 
X C=0+Na+HSOr —> Nov ii 


- 


; H^ OH 
Acetaldeh yde 
CBs. 
——> JC=0+NaCl+H,0 +80; 
Acetedeldyde 
CHa CH, SO,Na NaOH 
*"\.c=0-+NatHsOo; —> De fe ee. 
CH,” CH, OH 
Acetone 
CHa, 
PE=0+Naa SO,+H,O0 
CH, 


Acetone 


Take 0.2 g (0.5 mL) of the carbonyl compound in a test tubs. 
Add 1 mL of saturated solution of sodium bisulphite followed by 2 
few crystals of sodium acetate. Shake the contents well. Formation 
of white crystalline ppt. shows the presence of a carbonyl com- 
pound. 

Gi) Reaction with hydrazine, phenylhydrazine and 2, '4- 
dinitrophenyl hydrazine: These react to yield the corresponding 
condensation hydrazones. 


>c=0 + NH,—NH, ——~> SC=N—NH,+H2.0 


Aldehyde 


or ketone Hydrazine Hydrazone 


\ 
D>e=0 + NH,-NH—C,H, —> XC=N—-NH—C,Hs+ H.O 


7 
Aldehyde Phenylhydrazine Phenylhydrazone 
or ketone 
>C=0 + NH2 -wO NO2—>>C= O 
Aldehyde 2,4-Dinitrophenyl- 2,4-Dinitropheny t- 
er ketone 4 hydrazine hydrazone 


_ The reagents if used as free amines are easily oxidizable by 
air and, therefore, are usually employed as their salts, e.g. hydroxy! 
amine hydrochloride, NH,OH.HCI ; phenylhydrazine hydrochloride, 

_C,H;—NH—NH..HCl, ete. The products of reaction are mostly 
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crystalline solids with sharp melting points. For this reason, they 


are frequently used for the characterization and identification of 
carbonyl compounds. 3 


Dissolve about 1 mL of carbonyl compound in alcohol. To 
this add 1 mL of saturated solution of 2-4 dini 


crystalline 
group in.the 


Note: Care should be taken not to add water in the course of 


the experiment, as the Teagent itself may get Precipitated on dilution 
with water. 


11.5.3. Tests for Aldehyde (—CHO) Group 


Oxidation to carboxylic acids: Differences in behaviour 
between aldehydes and ketones towards oxidizing agents constitute 
‘the main difference between aldehydes and ketones. This is because 
aldehydes are easily oxidizable by mild oxidizing agents like Tollen’s 
Teagent, Fehling’s and Benedict’s solutions and Schiff’s Teagent to 
carboxylic acids containing the same number of carbon atoms 


[0] 
RCHO —————> RCOOH 
Mild conditions 
[0] 
RCH,—CO—R ——__., 2 RCOOH 


Drastic conditions 


Aldehydes react with Schiff’s 
Seagent producing a characteristic colour, This Teagent is a 


solution of a magenta dye (rosaniline hydrochloride) which has 


To 1 mL of i - 
pound and ete ce, Teagent add a few drops of the organic com 


i ing. 
his colour ee Pink or violet colour develops on standing 


ent shows the presence of a aldehyde group. 
© not heat the solution). p E 


T. The presence of aldehydes can 
‘The diene y ollen’s reagent (ammoniacal silver nitrate solution). 
silver on wanes silver (I), ion [A8(NH;);]* is reduced to metallic 
walls of the Cone aldehyde. The silver mirror deposits on the 
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,RCHO + 2[Ae(NH,).]OH=7+RCOOH + 2g H:O ANH 
ilyer iss 
4 mirror) 


Take the 2-3 mL reagent in a test tube. To this add 0.5 g or 
1 mL of the compound. Warm the contents by placing the test tube 
in a boiling water bath. Appearance of silver mirror or greyish 
black ppt. shows the presence of aldehyde group. j 


The reagent is prepared by treating 1-2 mL AgNO, with 
dilute solution of NaOH. A light brown ppt. of AgOH is obtained. 
Dissolve the ppt. in aqueous ammonia solution. The clear solution is 
called Tollen’s reagent. ; 


(ii) Fehling’s or Benedict’s solution test : The presence of 
aldehydes can also by tested by using Fehling’s or Benedict's 
solutions. ` Fehling’s solution is an alkaline solution of copper sul- 
phate containing sodium potassium tetrate (Rochelle salt) as the 
complexing agent. Benedict’s solution is an alkaline solution of 
copper sulphate containing sodium citrate as complexing agent. 

Aliphatic aldehydes on warming with Fehling’s or Benedict’s 
solution give a brick red precipitate of cuprous oxide on reduction 
of the alkaline Cu( 1). 

CH,CHO+Cu(OH), ——> Cu,0+H,0+CH,COOH 

(Red precipitate) 
The blue colour of the Fehling’s solution changes to green, 


A Nish and finally brick red due to the formation of red ppt. of 
W0. 


Take 2mL of aqueous solution of the aldehyde and add 
1 mL of the Fehling’s solution. Warm the reaction mixture ina 
water bath for some time. Formation of red ppt. shows the presence 
of aldehyde. : ; 


__, Ketones are not oxidized by the above reagents. Ketones are 
oxidized by alkaline KMnO; or acidic K,Cr,0, to carboxylic acids. 


(0) 


il KMnO, 
CH,—C—CH;—CH, ———— 2CH,COOH 
2—Butanone Acetic acid 


11.5.4. Tests for Ketones only 


G) m-Dinitrobenzene test : Take 4-5 drops (if liquid) or 
or 0.2 g (if solid) of the organic substance in a dry test tube. Add 
a pinch of powdered m-dinitrobenzene followed by 4-5 mL of NaOH 
solution and shake well. Ifa violet colour appears which fades on 
standing, confirms the presence of ketone. 


Note : Benzophenone does not respond to this test. 


(ii) Sodium nitroprusside test: Take 2 mL of a Feby 
prepared solution of sodium nitroprusside in a test tube. Add 2 m 
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of the aqueous sdlution of the Compound followed by the addition of 
Caustic soda solution drop by drop. If a wine ted or red orange 
Colour appears which changes to purple on addition of acetic acid; 
confirms the presence of a ketone. 


Note : This test is given by ketones (e.g. acetone) which contains 


(0) 
CH,—C¢ group. 


(iii) Ketones are unable tofrestore the colour of the Schiff’s 
reagent. Ketones are also unable to reduce ammonical silver nitrate 
(Tollen’s reagent) or Fehling’s solution. 


(iv) Haloform reaction. A carbonyl compound containing 
at least one methy! broup adjacent to >C=0 group on treating with 
a halogen in sodium hydroxide is oxidized to a carboxylic acid. 
A trihalogen methane derivative is also obtained. 


(6) Oo 
i] l 
R-—C—CH,+3Cl, +4Na0H —> R—C —ONa-+-CHCi, 
Ketone 


Chloroform 
+-3H,0-+3NaCl 


_ This reaction yields ttihalomethanes—chloroform, bromoform 
and iodoform depending upon the halogen used. Since the common 
name for the compound js haloform, it is called haloform reaction, 


Acetaldehyde is the Only aldehyde which gives haloform reac- 
tion. This reaction Serves as atest forthe presence of CH,CO—group, 


CH,CO CH;+3I,+30H- — CI; CO CH;+3H,0+31- 

Acetone Triiodoacetone y 

Under the alkaline condition Prevailing, 
broken up into iodoform and Sodium acetate. 


CI; COCH,+NaOH ——> CHI, +CH,COONa 
Sodium acetate 
With acetaldehyde : 
CH,CHO+3I,+30H- —> ClCHO+3H,0 + 3I- 
CI,CHO+ NaOH —-> CIH + HCOONa 


Triiodo acetaldehyde Iodoform Sodium formate 


Note : Secondary méthyl alcohols, and only ethanol of 


primary alcohols react with iodine in Presence of sodium hydroxide 
to give yellow precipitate of iodoform: 


‘CH,CH(OH)—R + I, + 2NaOH —-> CH,COR + 2Nal + 28:0 
sec-Methyl alcohol i 


the triiodoacetone is. 


ays; 


CH,CH,.OH+41,+6Na0OH —> CHI, + HCOONa+5NaI+5H:0 
Ethanol’ i \ Todoform 

Jake 0°5 mL of the given. compound in a {clean dry test-tube 
and add about 1 mL of 1% iodine solution. Then add dilute sodium 
hydroxide -solution (5%) drop by drop until the brown colour of 
iodine is discharged. Warm gently in a water bath. Observe the for- 
mation of a precipitate. Formation of yellow precipitate of iodoform 
indicates ethanol, acetaldehyde, sec-methy] alcohol or methyl ketone. 


11.5.5. Distinguishing Tests for Aldehydes and Ketones 


Reagent |test Aldehyde Ketone 
Tollen’s reagent Ag mirror No Ag mirror 
Fehling’s solution Red ppt. No red ppt. 
Schiff’s reagent Pink colour No pink colour 
Phenylhydrazine Crystalline Crystalline 
phenylhydrazone phenylhydrazone 


Violet colour, 


m-Dinitrobenzene i 
fades on standing. | 


11.6. CARBOXYLIC ACIDS 


These compounds are characterized by the presence of the 
(0) 


carboxyl groups —C—OH. The term carboxyl is a combination of 
Oo 
i 
the terms, carbonyl (—C—) group and hydroxyl (—OH), hence, the 
name carboxyl group. However, the properties of the carboxyl 
group are quite distinct from the properties of these two groups. 


Compounds which contain one carboxyl attached to an alkyl 
or aryl group are called monocarboxylic acids. The carboxylic acids 
are classified as mono-, di-, tri... or polycarboxylic acids according 
to the number of carboxyl groups present in them. 


The aliphatic monocarboxylic acids are also referred to as 
fatty acids, as some of the higher members (Ci2—Cis) occur in 
natural fats as esters from which they are obtained by the 
hydrolysis. 


According to the attachment of carboxyl group to alkyl or 


aryl group, the acids are known as aliphatic or aromatic carboxylic 
acids respectively. 


CH,CH,COOH (oy 
Propanoic acid 


(Aliphatic acid) 


COOH 


Benzoic acid 
(Aromatic acid) _ 


X—CH,COoH NH:—CH,COOH HO—CH,—COOH 
(Halogen acid) (Amino acid) (Hydroxy acid) 
11.6.1. Nature of the Carboxy] Group 


(0) 
The carbon atom of the—C—OH is 


120° 


120° 


OH 
The >C=9 group has™a double bond between carbon and 
oxygen and because of difference in electronegativity between these 
two, the m-electrons are not equally shared, he electron cloud js 
polarized towards the oxygen. In this Process,—OH bond is weake- 


ned as >C=0 group tends to pull electrons. On oxygen in —OH 
towards itself. Hence the are partially delocalized 

etween carbon and One oxygen on the one hand and the carbon 
and second oxygen on the Other h d 


y nd. us,. the carboxyl is a 
resonance hybrid of the following two structures, 


EE me 


9 O24 


The structure has Separated charges, 
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11.6.2, Tests for Carboxylic (COOH) Group 


(i) Acidity. Next to mineral acids, carboxylic acids are the 
most. acidic amongst the organic compounds. In aqueous solution: 
they furnish hydronium and carboxylate ions. 


H + H,O——> RCOO™ + H,Ot 
ees acid Carboxylate ion Hydronium ion 


These. acids affect indicators, litmus solution and neutralize: 
alkalis forming salts. They liberate carbon dioxide from carbonates,. 
etc. 


2CH,COOH+Na,CO; > CO,+H,0+2CH,COONa 
CH,COOH+NaHCO, > CO,+H,0+CH,;COONa 


Acetic acid Sodium acetate 


(a) Litmus test. Place a few drops of the organic compound: 
(in liquid or aqueous solution) on a piece of moist blue litmus 
paper, or add to a blue litmus solution. If the colour changes to 
red, carboxylic group may be present. 


Phenols also give this test. 


(b) Sodium bicarbonate test. Take ~5 mL cold and dilute 
aqueous solution of sodium bicarbonate in a test tube. Now add a 
small amount of the organic compound if solid or afew drops if 
liquid. A strong effervescenee with the evolution of carbon dioxide 
gas shows the presence of carboxylic acid. 


Gi) Ester formation test. Take a small amount of organic 
compound in a dry test tube. Add 5—10 drops of ethyl alcohol 
and 1—2 mL of conc. H,SO,. Heat the test tube in a boiling water 
bath. A pleasant fruity smell of ester shows the presence of carbo- 
xylic group. 

H+ 
CH,COOH+C,H,OH = CH,COOC,H;+H,O 
Acetic acid Ethanol Ethylacetate 


11.7. AMINES 


. , The amines may be regarded as derivatives of ammonia, in 
which one or more hydrogen atoms have been replaced by alkyl or 
aryl groups. They are classified as primary, secondary or tertiary 
amines according as one, two or three hydrogen atoms of ammonia 
are substituted. The substituents in secondary and tertiary. amines 
may or may not be the same. When all the alkyl groups are the 
same the amine is named as a simple or symmetrical amine and 
when two or all the three alkyl groups are different the amine i 
often called mixed or unsymmetrical amine. Thus : 13 
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G) Primary R—N—H, e.g. Methyl CH;—N—H: 
` amines ll amine | 
3 ibe H 
(ii) Secondary R—N—R, e.g. Dimethyl CH;—N—CHs 
amines | amine | 
H H 
(ii) Tertiary R-N—R, (e.g. Trimethyl - CH,—N—CH, 
amines | amine | 
R CH, 


A fourth type of compound called quaternary ammonium 
salts are obtained by replacement of all the four hydrogen atoms of 
the ammonium cation by alkyl or aryl substituents, eg., 
(CH,),N*I-, tetramethyl ammonium iodide. 


When one or more aryl groups are substituted in place of 
hydrogen into ammonia, the amine is called an aromatic amine. 


O= O-O OxO 


Aniline- Diphenylamine 
(Primary) (Secondary) Triphenylamine 
` (Tertiary) 


The functional group in three types of amines are, —NH, 
group (amino) > NH group (imino) and — N group (tertiary 
nitrogen atom). 


11.7.1. Tests for Amino Group 


(i) Basic nature. Like ammonia, all aliphatic amines are 
basic in nature. They owe their basic character to the lone pair of 
electrons on nitrogen and can form strong bonds to protons (Lewis 
concept). 

H H 

| | 
R—N: +H* — > R—N+—H 

| | 

H H 


The ease with which the lone pair can bond to the proton, 
and hence the base strength of the compound, depends upon the 
groups attached to nitrogen. If the substituent group is electron 
withdrawing (—l), the base strength is reduced because of its lesser 
ability to form donor bond with the proton. 


An alky! group adjacent to nitrogen Increases the availability 
of the electrons (+I effect), and so aminoalkanes are stronger bases 
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than ammonia. Ia case of aryl amines, the basic character is less as. 
the aryl group withdraws electrons from the nitrogen atom. 

Typical reactions with water and acids are: 

With water. Aliphatic amines dissolve in water forming 
quaternary ammonium hydroxides, which furnish hydroxyl ions gon 
dissociation, : 


EN H 7 H 
RIN: + H,O —> RSNt— H | OH > RON} HOH 
H^ H 

With acids. Amines react with acids forming quaternary salts, 
e.g., 

CH,—NH,+ HC! —> CH}N+H,CI- (CH NH2.HC!) 

(Methyl ammonium chloride) 
r Thus even water insoluble amines like aniline are converted 
into water soluble salts. 
C,HsNH, + HCl ——> CoHsN*H3Cl- 

All amines are weaker bases than NaOH-and so are released 

from their salts by treating with aqueous alkali. 
CH,NH,* CI- + NaOH —-> CH;NH,+H,0+NaCl 

(i) Litmus paper test : Place a few drops of the organic 
compound if liquid (if solid, its aqueous solution) over a moist red 
litmus paper or add to a red litmus solution. If the red litmus paper 
turns blue, it indicates the presence of the amino group. t 

(ii) Carbylamine test : Take ~ 0.5 g (or 5-10 drops of the 
organic compound in a test tubs. Now add 5-10 drops of chloro- 
form and 2-5 mL of alcoholic solution of potassium hydroxide and 
warm in a boiling water bath. A highly offensive odour of isocya- 
nide is obtained if the organic substance contains the primary amino 
group. > : 

RNH,+CHCl,+3KOH ——> RNC+KCI+3H,0 
Carbylamine 

Note : (a) Isocyanides are very poisonous. Destroy the com- 
pound by adding ei HCl. ae 

(b) Both aliphatic and aromatic amines 

(e) Oaly primary amines gives this test. 

(iii) Nitrous acid . Di eabout 0.2 8 of the organic 
SO ree Ridli Diss ol Now add a few mb of 
a Pgueons NaNO,. A brisk effervescence shows the presence 
of aliphatic primary amine. 

R—NH:-+HNO, ——> ROH + H:0 + Na 

HNO, behaves differently with sec OT tert-amines, 


give the test. 
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reaction mixture in ice. Add 2-3 mL ice-cold 10% NaNO, solution 
and shake. Pour the reaction mixture into a beaker containing 
5-10 mL of 10% alkaline 6-naphthol. The formation of a red or 
orange dye confirms the Presence of aromatic NH, group. 2 


CoH, NH, + HCI + HNO, — > CHN = NCI + H,O 
BENZENEDIAZONIUM 
CHLORIDE 


Ween 


OH. } OH 
P-NAPHTHOL PHENYL AZO. 


P-NAPHTHOL 
I ; (RED OR ORANGE DYE) 


Tests to distinguish between primary, secondary and 
tertiary amines, 


(i) Hinsberg’s test : The amine is treated With benzene sul- 
phonyl chloride, CcH;SO.C! and excess of aqueous potassium or 
sodium hydroxide. 


A primary amine yields a clear solution which 
yields an insoluble sulphonamide. This dissolves 
hydroxide, due to the formation of the potassium salt 
sulphonamide. 


on acidification 
in potassium 
of the enolic 


OH- KOH 
RNH;+C,H,SO,Cl —> CcH,SO:NR] Ss [Cs5H;SO,NR]- Kt 


—E20 | (Soluble) 
Ht | Acid 


C.H,So, 
(Insoluble) 
A secondary amine yields an insolublecom ouni 
acid (since it has no replaceable hydrogen): pound unaffected by 


Replaceable hydrogen 


K NaOH or 
R:NH+ C,H;—SO,C] ——— ESN 2 ire No action 
KOH) 
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The tertiary amine does not react with benzenesulphonyl chloride. 


A tertiary amine yields an insoluble compound (the unchanged 
amine itself) which dissolves upon acidification of the mixture, 


- NaOH HCl 
R,;N+C,H,SO,Cl ———+ RN —— R,N+HCi- 
(Insoluble) (Soluble) 


(ii) Reaction of amines with nitrous acid 


Nitrous acid is unstable and has to be prepared fresh by dis- 
Solving sodium nitrite in dilute hydrochloric acid, Primary, 
secondary and tertiary amines behave differently. ` The Teaction can 
thus be used for their differentiation. 


(i) Primary amines having two available H atoms, react with 
nitrous acid to form primary alcohols with the evolution of nitrogen 
(Test). 


: +H 
RN| H,+0 |=n—on —=> RN+ = NOH- —-, Rt +H,0+Ny 
- (HNO,) P f Carbonium 
Primary Diazonium | ion 
amine salt HO- | 
(Unstable) a, 
ROH 
Alcohol 


Primary aromatic amines (e.g., aniline) react to give the stable 
aromatic diazonium salts. The diazonium salt from aniline is, 


however, unstable to heat and is hydrolysed to phenol when heated 
in water. 


HNO, H:0 
C,H;—NH, =—> C.H;N,t OH- ———> C,H,OH 
Aniline (Unstable) Warm Phenol 


The diazonium salts are Versatile intermediates, useful for the 
synthesis of a number of compounds. ` 


) Secondary amines : Both’ aliphatic and aromatic secondary 
amines react with nitrous acid to produce neutral, yellow oily. 
Product, N-nitrosoamines. The lone hydrogen atom present in 


these amines is replaced by a nitroso ieldi -ni 7: 
1 j TOU; ielding an N-nitroso 
compound. Nitrogen is evolved. Erap Seldine 


CH; 5 4 
N CH 
N—| H+HO Lin eves: ENG e 
A = o — N—N=0 
cH Ei Eo CH,” ; 
Dimethyl N-nitrosoamine 
(Carcinogen) 
ESE CH; 
CHN- HHO LN=o = CH —N-N =0 
| —:0 N-methyl- 


CH; N-nitrosoaniline 
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The formation of N-nitrosoamine is used asa test for secon- 
dary amines in the Liebermann’s nitroso reaction. The nitrosoamine 
on warming with a crystal of phenol and a few drops of concen- 
trated sulphuric acid yields a blue green solution, On dilution the 


colour changes to red and changes further to deep blue on treatment 
with alkali. 


Tertiary amines: With aliphatic tertiary amines only 
normal acid-base reactions occur as there is no replaceable 
hydrogen. 


(CH,),N+HNO, ——> {(CH,),NH]* NO,- 
rimethy] ammonium nitrite 
The tertiary amine can be Tegenerated from the salt solution 
by addition of alkali. 
Aromatic tertiary amines undergo electrophilic aromatic sub- 
stitution by the NO group at the para-position to give water soluble 


Para-nitroso compounds. The introduction of —N=O group in the 
benzene ring is called nitrosation. 


N(CH3)2 (CH3) NH CL” (CH3)9 =N 
NaNO? / HCI KHCO3 © 
— 
NO NO 
(Orange) (Green) 


Differences in behaviour of the three classe: 


three S of amines 
with nitrous acid may be used for their distinctio 


n. 
Distinction between three Classes of Amines 


The primary, secondary and tertiary amines can be distin- 
guished from each other on the basis of the following tests. (Table 


11.3). 
TABLE 11:3. Tests generally employed to differentiate 
betwees amines 
Reagent Primary amine Secondary amine Tertiary amine 


1. Litmus Their aqueous solutions They are 


A s more basic They are more 
solution are basic to litmus. than primary bie. sre mo 
amines. secondary 
Ethyl A amines. 
2, Nitrous Ethylamine: quantitative Oily  nitrosoami : 
` acid i i i í D : form 
acidin evolution of N,+ mix- which answers the A for. 
cold ture of alcohol, alkene, Lieber; 


ore mann’s nitro- In hot ; Comp- 


soamine test, lex products 
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Primary amine Secondary amine 


In Cold Aniline: Diazo- 
nium salt is formed which 
gives dye test 

On warming : evolution 
of Na-+phenol 


3. (i) Hinsberg’s Clear solution 
tést 


Tertiary amine 


Reagent 


Insoluble cómpound Insoluble 


Unaffected by acid Clear solution 


(ii) Acidify Precipitate appears 
4. Chloroform Offensive smell of carby- No action 
$ lamine 
alcoholic 
NaOH 
(carbyl- 
amine test) 


No action 


11.8. DETECTION OF FUNCTIONAL GROUPS 


A. Compounds which do not contain nitrogen : 7 
In such a case the compound may contain one or more of 


the [following groups : —OH (phenolic or alcoholic); 


(carbonyl, —aldehydic and ketonic) 


Perform the tests in the order given below : 


Nc= 
Poa 


; and —COOH (carboxyl). 


Experiment 


Observation 


Inference 


1, Note the colour 
of the sample. “nd odour 


2. Burn a_ small amount of the 
sample on a nickel spatula (or, in a 
test tube), 


3. Shake a small amount of the 
substance with a little water in a 
test-tube and test the resulting sus- 
Pension or solution with litmus 
Paper. 


4. Shake a small amount of the 
substance with dil. solution of NaOH 
(5-10%) ina test-tube and warm, 


5. Shake a small amount of the 
substance with a little water; add a 
drop of neutral: FeCl; solution to 
the resulting solution or suspension. 
Note the change. 


Sooty flame 


(i) Acidic towards’ 
litmus. 


(ii) Neutral to lit- 
mus, 


Dissolves. 


(i) Violet, blue 
or green coloura- 
tion (permanent or 
transient), 

(ii) Reddish — col- 
ouration`or precipi- 
tate. d 


Aromatic compo- 
unds 


(i) Acids and acidic 
substances such as 
some phenols 


(ii) Alcohols, and 


carbonyl com- 
pounds 

May be phenols 
and carboxylic 
acids 

(i) erie com- 
pounds (phenolic 
—OH group 


(ii) May be carbo, 


xylic group present, 
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Experiment Observation Inference 

6. Perform the above expt. by Violet, blue or $ 
adding a drop of neutral FeCl3 solu- green colouration Phenolic com- 
tion toan alcoholic solution of the (Permanent or tran- pounds . (phenolic 
substance. sient). —OH group 

Note: Perform some ‘additional tests’ given in the {text for detection of 
phenolic compounds, 

7. Add solid NaHCO; to the Effervescence P y 
„aqueous solution of the compound. Carboxylic acids 
In case the compound is insoluble in (—COOH group) 
water, sprinkle the solid sample on 


NaHCO; solution. 


8. Add a little (0.1-0.22) of Yellow, orange or 
the compound to be tested to about a red ppt. 


Carbonyl com- 
- 5 mL of a saturated auon ot pounds 
2:4 dinitrophenylhydrazine in y N 
Shake, and if no precipitate appears JO group 
immediately, heat gently to boiling 


(aldehydic and/or 
and continue heating the reaction ketonic groups) 
mixture for 2-3 min in a boiling 

waterbath, Allow it to stand for five 

Minutes, Incase no Ppt. appears 

add water dropwise and scratch 

the walls of the test tube until you 


- eh turbidity. Warm, cool and allow 
to stand. 


Distinction between an aldehyde and a ketone g 


If a carbonyl group in a compound is detected, then it may be either 
an aldehyde or a ketone, Differentiation between the two may be made by 
performing the following tests : 


9. With Schiff’s reagent : To: 2 or 
3 mL of Schiff’s reagent add a small 


amount of the original sample. Shake 


well and allow to stand for two 
minutes, $ 


Note. Don’t heat the mixture. 
Appearance of pink colour is slow 
in the case of aromatic aldehydes. 
Some ketones. though respond to this 
test, the reaction js extremely slow, 
Note that Schiff’s reagent is magenta 
solution, the colour is discharged by 
sulphur dioxide, 


Appearance of Aldehyde 
Pink colour, 


10. Toilen’s reagent: Adda little Formation ir- 
of the substance under examination ror of Hoss ee H RERS Ag o 
to Tollen’s reagent. Shake and warm greyish black ppt, =R-COOH+ 
by placing the test-tube ina boiling X 2Ag,] 
water bath, 2 e 1 

11. Fehling’s solution: Mix equal - A red Ppt. of Cu. ES i 
volumes of Fehling’s solution, A p o RONO ROORMS 
and B. Add a little of the. substance RCOOH+Cu:0 
upder investigation to the mixea +2H,0 
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Experiment 


Observation 


Inference 


solution taken in a test-tube and 
then warm. 


If the above tests for anZaldehyde 
are negative, then the carbonyl com- 
pound is a ketone (i.e, it contains a 
ketonic group). 


Note, The aromatic aldehydesTdo 
not reduce alkaline copper salt. 


_ Of course, Fehling’s and ammo- 
nical silver nitrate are readily redu- 
ced by a-hydroxyketones, ie., 
having the grouping —CH(OH)CO—. 


12. Take about lg of the compond 


4 mL acetic anhydride and two 
drops of conc. H,SO,. Warm in 
boiling water-bath and then pour the 
contents into about 15 to 20mL of 
water in abeaker. Stir well. 


13. Xanthate test. Take in a 
clean and dry test tube a small 
amount of the compound and finely 
powdered KOH approximately in 
theratio of 1: 10by mass; warm a 
little. Now cooland add 5-6 drops 
of ether and 3-4 drops of CS,. Shake 
the mixture (i) for about 5 minutes; 
(ii) now add 3-4 drops of 1% ammo- 
nium molybdate solution, shake very 
gently and acidify with dil. H,SO4. 


Add about 10 drops of chloroform 
and shake. 


A ppt. or formation | 
in a dry test-tube. Add a mixture of of a separate liquid phenolic 
layer (having a ples 
whic! 


sant smell), 
fioats on water. 


(i) A yellow ppt. 


Alcoholic or 
com- 
pounds (—OH 


group) 


FAlcohol (Alcoholic 
—OH group) 


(ii) The chloroform Alcohol} (Alcoholic 
layer becomes violet —OH group) 


or reddish-blue. 


B. Compounds which contain nitrogen only : 


In such a case the compound under examination may contain 
group only. Perform the following experiments in the order 


—NRA, 


given below for detecting the group present : 


Experiment 


Observation 


Inference 


1. Note the colour and odour of 
the sample. 


2. Shake a small amount of the 
sample with water in a test-tube and 
test the resulting solution or suspen- 
sion with litmus paper. 


3. Shake a little of the compound 
with dil. HCI in a test-tube. 


Neutral 


Alkaline 


Substance origi- 
nally slightly solu- 
ble or insoluble in 
water but dissolves 
in dil, HCI, 


‘ 


May be some aro- 
matic amino com- 
pounds 

Amines (aliphatic 
and some aromatic) 


Basic substanceg 
(e.g. Amines) 
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Experiment Observation Inference 


4. Carbylamine reaction: Dissolve A characteristic Aliphatic or aroma- 


0-2g of solid NaOH in 2 mL. alcohol obnoxious odour. tic amino compounds. 


taken ina test-tubé. Now add a (—NH2 group) 

little of the compound, two or three 

drops of chloroform and warm 

gently. 
5. Diazo reaction and coupling. An immediate bril- Aromatic amino 


Dissolve a little of the sample in dil liant scarlet red compound ( aromatic 
HCI, cool and add inlots a cold precipitate or colo- —NH; group). 
aqueous solution of sodium nitrite. uration. 

Cool the solution again and. pour 

a little of it into an excess of cold 

alkaline solution of 6-naphthol. 


Notes on detection of functional groups 


1, Colour and odour. The colour and odour of the organic 
compound should always be noted. It may sometimes be help to 
make out the class to which the compound under examination 
belongs. For example, nitro compounds are generally yellow 
(pale or deep) or orange coloured. Hydrocarbons, alcohols, 
Phenols, aldehydes, ketones and acids are generally colourless. 
Esters, alcohols and aromatic hydrocarbons may have sweet and 
pleasant smell. Pungent and irritating odours are given by lower 
aliphatic acids, acid halides, erc. Phenols, lower aliphatic ketones, 
etc. possess characteristic smell. It is, however, a matter of practice 
to identify the type of odour of a substance under investigation. 

2. The colour shown by some of the phenolic com- 
pounds on reaction with ferric chloride solution is very much 


transitory in nature. Hence, the colour should be noted immediately 


after addition of FeCl, solution. 


3. Not only the compounds containingg —COOH tan i 
Fi g p give 
effervescence with NaHCO, but there are others such ce chloro- 
phenols, nitrophenols, amine salts, etc, easily give sufficiently strong 
acid reactions to produce effervescence with NaHCo,. i 


4. 2: 4-Dinitrophenylhydrazine forms 2: 4-dinitropheny!- 
hydrazone with carbony! compounds (i.e. compounds containing 


Nc= 
PE O group). 


CO-+H:N-NHC,H.NO,), EPN ` 


C=N-NH-C,H,(NO. H,O 
N 2:4-Dinitro na N E y 
5. The yellow ppt. is due to xanthate. 


alkoxide obtained from alcohol and KOH reacts a ee when 
SK 


ROH+CS,-+KOH —+S =c (xanthate)-+H,0 
OR 


nann a 
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With ammonium molybdate, xanthate in slightly acidic solution 

forms a coloured complex. : 
6. The presence of ethyl alcohol is confirmed by iodoform 

test. With iodine and caustic alkali, ethyl alcohol forms iodoform. 


C,.H,OH+41,+6NaOH>CHIs + HCOONa-+5Nal+5H,0. 


7. Both aliphatic and aromatic amines give carbylamine 
reaction. This reaction is also called jsocyanide reaction. 

Ar-NH;-+CHCls+-3KOH—~ArNC+3KCl+ 3H,0 

Aryl isocyanide 

[When Ar stands for an aryl group; hence ArNHg is an 
aromatic amine.] = Me 

Similarly, R-NHa+CHCls+ 3KOH-RNC+3KCI+3H,0 

Alkyl isocyanide 

[Where R stands for an alkyl group and hence R-NH, is 22 
aliphatic amine.] 

8. Salts of aromatic primary amino compounds react with 
nitrous acid (NaNO,+HCl) in the cold. to produce soluble 
diazonium salts, This reaction is diazo reaction. [During 
diazotisation temperature should be kept between 0°C—5°C and an 
aqueous solution of sodium nitrite should be added in lots, until the 
reaction mixture produces a blue colour with KI—starch paper.! 
The diazonium salt so produced couples with phenols and other 
aromatic hydroxy derivatives in alkaline medium to give brilliant 
coloured azo-dyes. With aniline, for example, the reaction is : 

C,;H;NH,HCI+-HONO —> C,;H;N=NCI+-2H,0 


Diazo-salt 
Cs,H;N=NCI+C).H,0H —> C,H;N=NC,,H,OH +HCi 
_ §-Naphthol A scarlet azo-dye 


ORAL QUESTIONS AND ANSWERS 

Q. 11.1. What is a functional group ? 

Ans. A group of atoms that show characteristic properties 
of the organic compound. 

Q. 11.2. What is the significance of functional groups ? 

‘Ans. They help in identifying the various families of organic 
compounds. 

Q. 11.3. What are unsaturated hydrocarbons ? 

Ans. The organic compounds which contain double bonded 


Scacd and/or triple bonded —C=C— carbon atoms are called 


the unsaturated compounds. 


Q.. 11.4. What is the characteristic reaction of an unsaturated 
compound and of a saturated compound ? : 
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Ans. Saturated compounds undergo substitution reactions 
whereas unsatutated compounds undergo addition reactions. 

Q. 11.5. Name the usual reactions used to detect unsatura- 
tion of an organic compound. 

Ans. 


Reactions of bromine and alkaline potassium perman- 
ganate. ; 


Q. 11.6. What is Baeyer’s reagent ? 


Ans. Itis a 1% cold alkaline solution of potassium perman- 
ganate in water. It is made alkaline with sodium carbonate. 


Q- 11.7. Iodine and chlorine solutions are not used to detect 
the unsaturation of organic compounds. Comment. ù 

Ans. The reaction of iodine is too slow. Hence it is not 
used, 
j Chlorine soluit 
is not distinct, hen 
of colour, 


ion is considered to be corrosive. Its colour 
ce difficult to make out its addition on the basis 


Q. 11.8. Comment on the reaction of bromine with ethylene. 
Ans. Bromine forms addition compounds with ethylene. 
H,C=CH,+Br, —> H,C — Te 


| 

Br Br 
HBr is not evolved during the reaction. 
usually carried outin chloroform, carbon tet 
media. For water soluble compounds aq 


Addition of bromine is 
tachloride or acetic acid 
ueous solution can also 


$ 1 i potassium permanganate reaction 
it not considered a very reliable i par 
tation. Comment, 


© Compound, However, this 
8S of the bromime reaction. 

Q. 11.10. What happens when bromine is added to benzene 
6'te ; 


Ans. PE contains three doub 
tion of the x (pi) orbital vides a hi ili 
molecule. As a result, benzene does Tena Senility to the 


- ; not iei 
reaction. This could be understood fr undergo any addition 
solution. 


Vc Sj 
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Q. 11.11. Will bromine react with (a) allyl chloride, and 
(b) vinyl chloride ? > 
Ans. (a) With allyl ‘chloride, bromine reacts giving addition 
compound, 
Br, i 
CH,=CH—CH,—Cl —> eoim etre) 


Br 


(b) With vinyl chloride CH, =CH—Cl, bromine does not form 
any addition compound due to the resonance in the molecule. 


‘Change in the position of double bond takes place. 


N EN 
CH2=CH—¢; ——> CH,-—CH=ClIt 
Q. 11.12. At times when bromine reaction is done with un- 
saturated compounds a white or yellowish precipitate is obtained, 
especially in aqueous medium. Comment. 


Ans. The addition compounds of bromine with organic 
compounds: have generally a lower solubility than the parent com- 


` pound. Hence the bromo compound may get separated as ppt. 


Q. 11.13. How will you make out whether the bromine has 
reacted or not ?. 


Ans. From the change in the intensity of colour of bromine 
solution. 

Q. 11.14. Why is sodium metal kept under kerosene oil ? 

Ans. To prevent its reaction with air and moisture: Sodium 
reacts with air forming oxide and carbonate. At times, if the 
moisture is too much, it catches fire because of the evolution of H, 
gas. 

Q. 11.15. Why can’t the test with sodium alone be taken as 
the contirmatory test for alcoholic hydroxyl group ? 

Ans. Sodium metal reacts with compounds containing carbo- 
xylic (—COOH), phenolic (—OH) and alcoholic (—OH) groups. 
It also reacts with -ketonic compounds with a hydrogen atom 


attached to the B-carbon atom. Hydrogen gas is evolved in all the 
cases. 


Q. 11.16. Why is calcium chloride added to the organic 
compounds before adding sodium metal to identify the hydroxyt 
group ? 

Ans. Calcium chloride is used to absorb moisture and water 
from the solvent and the organic compound. In the absence of 
CaCl, sodium metal will react with water giving a stream of 
hydrogen : . 

2H,0+2Na —> 2NaOH-+H, 
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Q. 11.17. How does the presence of hydroxyl group increase 
the solubility of the Compound in water ? 

_ Ans. The —OH group imparts a polarity in the compound. 
This helps in increasing the hydration of organic molecules through 
the dipole—dipole interactions. 

In addition, the presence of alcoholic hodroxyi group increases 
the extent of hydrogen bonding in aqueous solutions 


R—O-+H,0 ——> ROH On 
| l 
H POH 


sy oe 


Ò 
EN 


Q. 11.18. How isit confirmed whether the given compound 
is aliphatic or aromatic ? 


Ans. Ifthe compound burns with a smoky flame the com- 
pound is aromatic, The higher percentage of carbon is responsible 
for smoky flame. If the compound burns with a non-smoky 
flame, the compound is aliphatic. 


Q. 11.19. Where is ceric ammonium nitrate Teagent 
employed ? 

Ans. Itis employed for the identification of alcohols and 
phenols. A red colour is obtained in case of alcohols whereas 
brown (or green) ppt. is obtained with phenols. , 

Q. 11.20. What is the reaction of carboxylic acids and phenols 
with iron (ITI) chloride solution ? 

Ans. With FeCl, phenolic compounds giye 
or green coloured complexes. With carboxylic acids, iron (11) gives 
deep red coloured carboxylate salts, Carboxylates on boiling get 
hydrolysed forming reddish brown Precipitate of the basic salts. For 
example, ? 

FeCl,+3CH;COOH ——> Fe(OCOCH,),--3HCI 


Fe(OCOCH,);+H,0 ——> FeO(OCOCH,)+2CH,COOH 
Red brown ppt. 


picarbonate Teact with carboxylic acid 


deep violet, blue 


Q. 11.21. Does sodium 
and phenol on the same lines 


Ans. Carboxylic acid reacts with NaHCo, as below : 
CH,COOH-+ NaHCO, —— CO,+H,0 +CH,COONa 


Since in the resonance stabilized benzoate 
charge is on oxygen and Rot on carbon (as in t 
of phenoxide) this is Stabilized to a greater exten 
acid will be a stronger acid than phenol. Benzoic 


anion the negative 
he resonance forms 
t and hence benzoic 
acid, therefore, will 
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release carbon dioxide from sodium bicarbonate while phenol will 


not do so. 
Q. 11.22. Both phenols and alcohols contain —OH group. 
How can it be ascertained that the given compound is alcohol or 


phenol ? 

Ans. Phenols are acidic in nature and turn blue litmus red 
whereas alcohols cannot. Phenols also give deep colour with ferric 
chloride while alcohols do not. 

Q. 11.23. Suggest a few tests which could be employed to 
differentiate between phenol and ethanol. 

Ans. 1. Ferric chloride test. Phenol gives violet colour 
with ferric chloride. 

2. Litmus test. Phenol bring acidic in nature turns blue 
litmus red. 

3. Iodoform test. Ethanol forms yellow ppt. of iodoform. 


Q. 11.24. What are carbonyl compounds? What is the 
difference between aldehyde and ketone ? 


Ans. Carbonyl compounds contain the >C=O group attach- 
ed to two alkyl group or hydrogen atoms. In aldehyde, >CO is 
essentially attached to one hydrogen atom, whereas ina ketone 
>CO is attached to two alkyl groups. 


H Ry, 

hy Sc=o 
R—C=0 R 
Aldehyde Ketone 


Q. 11.25. Suggest the name of a characteristic reagent to 
detect >C=O in a compound. 


Ans. 2, 4-Dinitrophenylhydrazine. 
Q. 11.26. Name a few reagents which can distinguish between 
an aldehyde and a ketone, 
Ans. (i) Tollen’s reagent 
(ii) Féhling’s solution. i 
Refer to Section 11.5.5. 
E 11.27. What is Tollen’s reagent? Give its use in organic 


Ans. Itisa colourless solution. It is obtained b i 

: sare addi 
caustic soda drop by drop to a solution of silver nitrate. Ker a fecha 
a grey ppt. of AgOH is obtained which is dissolved in excess of 
aqueous ammonia solution. 


AgNO,;+ NaOH —~> AgOH+NaNO, 
(White ppt.) 
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2Ag0H ——> Ag,O+H,0 ` 
Ag,0+4NH,OH —-> 2[Ag(NH,).]*OH-+3H,0 
(Colourless) 

It is used to make a distinction between an aldehyde and a 
ketone. With Tollen’s Teagent, aldehydes give a silver mirror or 
greyish black ppt. of Ag whereas ketones do not. 

RCHO-+[Ag(NH;,).]*+30H- —> RCOO-+-2Ag+4NH,-+2H.0, 
Silver mirror 

Q. 11.28. What is Fehling’s solution ? Give its use in organic 

analysis. d . 
Ans. It is „prepared by mixing two solutions say A and B. 
Solution A contains Copper sulphate whereas solution B contains 
Rochelle salt (sodium potassium tartrate) and aqueous sodium 
hydroxide. 


The reagent is employed to distinguish between aldehydes and 
Ketones. Aldehydes when heated with Fehling’s solution yield red 
ppt. of cuprous oxide whereas ketones do not. 

RCHO-+2Cu?++50H-.—-> RCOO-+2H,0+Cu,0 
(Red ppt.) 
- Q. 11.29. What is Schiff’s Teagent ? Suggest its use in organic 
analysis. 


Ans. Itis prepared by dissolving rosaniline hydrochloride 
(dye) in water. As a result, a pink coloured solution is obtained. 
The pink colour is. discharged by passing sulphur dioxide gas. It is 
used to detect aldehydes, 


The reagent is always added to a cold solution of an aldehyde. 
In the hot medium sulphur dioxide is released and the pink colour 
reappears. This may mislead the inference. 


Q. 11.30. What happens when an aldehyde i heated with an 
aqueous solution of NaHSO, ? yde is heated wi 


Ans. With NaHSO,, aldehydes give addition compounds, 
Such compounds are obtained from the Teaction mixture as white 
crystalline solids. : 


-Nat 
R—CH=0+NaHS0, —> R—cp/ C M? 
\so,H 


Q. 11.31. Is Febling’s solution test. appli : 
aldehydes ? applicable to aromatic 


Ans. Fehling’s test is positive for aliphati 
aromatic aldehydes do not respond to the teats Bas pea tle bea 


Q. 11.32. The sodium bicarbonate test is generally carried out 
for the detection of —COOH group. Is this test also Een by some 
other compounds ? 
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Ans. Yes. A few phenolic compounds like 2, 4, 6- trinitro- 
Phenol (picric acid), etc. also give effervescene with sodium bi- 
carbonate. f 

Q. 11.33. Cana solution of Sodium’ carbonate be used to 
detect —COOH group ? 


Ans. No. Sodium carbonate is more alkaline than sodium 
hydrogen carbonate, and is decomposed by both carboxylic acids 
and phenols. 

Q. 11.34. How are carboxylic acids detected in the regular 
analysis ? 

Ans. 1. The —COOH group is detected by NaHCO . Brisk 
effervescence with evolution of CO, confirms —COOH group. 


CH;COOH+NaHCo, —> CH;COONa+CO,+H,0 
Phenols do not decompose NaHCO, solution. Both phenols: 
and carboxylic acids turn blue litmus red. 


2. Carboxylic acids on refluxing with ethanol in presence 
of conc. H,SO, or anhydrous ZnCl, give sweet smelliug esters. 
+ 


CH,COOH+C,H,OH = CH;COOC.H,+H,O 
Acetic acid Ethyl alcohol Ethyl acetate 
Ester) 
Q. 11.35. Which functional group is tested with carbylamine 
reaction ? 


Ans. Amino, —NH,, group. Amines on heating with a 
small amount of conc. HCI, chloroform and alcoholic potassium 
hydroxide solution produce isocyanides (carbylamine) Possessing 
very offensive smell. 

Q. 11.36. Do amino acids give carbylamine Teaction ? 


Ans. This reaction is Successful for primary amines only. This 
reaction is not Successful for amino acids because no odour is detec- 
ted due to non-volatility of the isocyanide formed with them. 


Q. 11.37. Suggest the test by which primary aromatic amine 
is identified. 


Ans. Azo-dye test, 
Q. 11.38. What is Hinsberg’s test ? 


Ans. Hinsberg’s test is used to identify and Separate primary, 
secondary and tertiary amines. 


og 


UNIT 12 


Distinction Between Pairs Of 
Organic Compounds 


12.1. INTRODUCTION 


We have discussed in Unit 11 about the various tests which 
could successfully be employed in identifying the various functional 
groups. Itis the presence of functional groups in the organic 
compounds that produces the dominant chemical characteristics of 
substances. However, at times, these tests may not be helpful in 
distinguishing two compounds with the same functional groups. In 
this unit, we will discuss the various aspects which could lead to 
distinction between the following pairs of organic compounds, 


—methanol and ethanol 
—benzaldehy de and acetone 
—ethyl alcohol and phenol 
—phenol and benzoic acid 
—aniline and phenol 


12.2. DISTINCTION BETWEEN METHANOL AND ETHANOL 


1. General 


Methyl alcohol is a colourless, neutral, volatile and inflam- 
mable liquid with a pungent smell. Itis miscible with water in all 
proportions. 

Ethyl alcohoi is a colourless, neutral, volatile and inflamm- 
able liquid with a characteristic pleasant and sweet smell: It is mis- 
cible with water in all Proportions : 

—Both the alcohols react with sodi 

Hydrogen gas is evolved, 


—Both give pink or red ci 
nitrate. 


um metal with effervescence. 
Olouration with ceric ammonium 


—Both react with Carboxylic acids in 
3 th f 
HSO; producing sweet Smelling esters, Ra aernce of con’ 
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- 2. Oxidation with copper coil (Refer to Text Book). Both 
methanol and ethanol are primary alcohols. They on oxidation 
form different products. 


Methyl alcohol on oxidation gives formaldehyde which can be 
tested by its usual tests. 


Ethyl alcohol on oxidation gives acetaldehyde which can be 
tested by its usual tests. 


3. Iodoform test. Ethanol is easily oxidized to acetaldehyde, 
CH,CHO which contains CH;CO—group. Hence, this alcoho! should 
undergo iodoform reaction. Methanol, on the other hand is oxidized 
to HCHO and will not undergo iodoform reaction. 


I,/NaOH 
CH,CH,OH ———— CHI, 
T3/NaOH 
CH, ———-> Iodoform is not formed 


Take 0.5 mL of the alcohol ina test tube. Add 1 mL 1.0% 
iodine solution in KI followed by caustic soda solution (5.0%) of 
drop by drop until the brown colour of iodine is discharged. Warm 
gently in a boiling water bath. 


—Appearance of crystalline yellow ppt. with a characteristic 
odour confirms the presence of ethanol. 


> 4. Oil of wintergreen test. Take ~0.1 g of salicylic acid or 
its sodium salt in a test tube. Add 1 mL of alcohol and a few drops 
of conc. HySO,. Heat gently in a boiling water bath and cool. 


A characteristic odour confirms the prerence of methanol. 


on H,SO, OH 
+ CHOH —*—> * H.O- 
COOH COOCH, ; 


SIS NOD METHYL SALICYLATE 
(OIL OF WINTERGREEN) 


Ethyl salicylate has no characteristic odour. 


5. Boiling point. Methanol boils at 59°C and ethanol boils 
at 78°C. We have already learnt about the technique of determining 
boiling points of liquids in Class XI. E 


S. No, Experiment Methane Ethane 


1. State end colour of the Colour less liquid Colourless liquid 


compoun 
2. Boiling point 59°C 78°C 
3. Frame test Burns with non-luminous Burns with non-lumi- 
flame ; oriphatic in nous flame ; aliphatic 
nature, in nature, 
4, lodoform test (Refer No yellow ppt. “Yellow ppt. appears, 
to Section 11°54), appears, 
5. Oil of winter green Methyl solicylate is Ethyl solicylate, it has 
test formed. It has a charac- no characteristic odour 


teristic odour 


12.3. DISTINCTION BETWEEN BENZALDEHYDE AND 
ACETONE 


CoHsCHO+2[Ag(NH,),]-+OH——>C, 


Tollen’s reagent 
CH;COCH,+[Ag(NH,),JOH—->No Teaction 


Acetone contains CH,CO— 
dergo reaction whereas benzaldeh 


HCOOH + 2Ag+H,0-+4NH, 
Silver mirror 


group, hence it is expected to un- 
yde will not undergo this reaction. 


CH,COCH,+31.+4NaOH ——> CHI,+CH,COONa+3Nal+3H,O 
Todoform 


C,H,CHO+1,--NaOH —-— No reaction 
h Benzaldehyde has got a characteristic smell of bitter almonds 
boiling point Pla pleasant smell. Physical properties such a 
solul isti i 
heia cee ity, etc. can also be used to distinguish betwee 


S.No. 


Obseration 
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Experiment 
A Acetone 


Benzaldehyde 


State and colour of the Colourless liquid. 


Colourless liquid ; 


compound. 
2. Smell of the compound. pbatecteniaue sweet Smell of bitter almonds 
smel. 
3. Solubility 
(i) ‘In water Miscible Immiscible 
(ii) In ethanol Miscible Miscible 
4. Flame test Non-sooty flame Sooty flame; aromatic 
aliphatic compound compound, 
5. Boiling point 56°C 179°C 
2,4 Dinitophenylhydra- Yellow precipitate, mp Yellow Precipitate, mp 
zine test, (Refer to 128°C 235°C, 
Séction 11.5.2) 
7. Test with Tollen’s reag- No silver mirror Silver mirror is 
ent (Refer to Section formed. 
11.5.3). 
8. Test with Schiff’s reagent No pink colour Pink colour 
(Refer to Section 11.5.3) í appears 
9. Iodoform test Refer to Yellow ppt. is formed No Yellow ppt. 
Section 115.4) PRENS OE pp, 


12.4. DISTINCT 
PHENOL 


Both phenol and e 
—OH is attached to an 
to a benzene ring, 

Be ae Is acidic in nature and gives colouration with FeCl, 
h bna: £ Joses proton to yield phenoxide ion whose resonance 
itelf These more stable than the resonance hybrid of phenol 
H+ “This nya Pheno] Tesidue becomes more stable after releasing. 

2 counts for the acidic behaviour of phenol. 


ION BETWEEN ETHYL ALCOHOL AND 


thanol contain —OH groups. In ethanol 
alkyl part and in phenol, —OH is attached 


Phenoxide 
ton hybrid 
{more stable) 
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Alcoholic —OH group has neither acidic nor basic characteris- 
tics in aqueous solution. It does not give any characteristic colour 
with FeCl. Ethanol releases a H* forming ethoxide ion which is 
not stabilized by resonance. 


Phenol has characteristic astringnic smell and ethanol has 
pleasant and sweet smell. Other physical proporties Jike bp, colour, 
solubility, etc. can also be used to distinguish between the two 

~ compounds! 


Then two liquids can also be distinguished by performing 
iodoform test, etc. 


Observation 


S.No. Experiment . 
Ethanol Phenol 
1. Physical state and colour Colourless volatile Colourless or pinkish 
of the compound liquid (due to aerial òxida- 
tion) solid which melts 
to reddish coloured 
liquid. 
2. Solubility in water Miscible in all propor- Limited solubility; 
tions forms two layers in, 
concentrated solution. 
3. Flame test Non-sooty, non-lumin- Sooty, luminous flame: 
ous flame: aliphatic aromatic compound. 
compound 
4, Melting or boiling point bp=78°C mp=43°C, 
‘bp=1819C 
5. Litmus test Netural Acidic; turns blue 
litmus red 


6. Neutral ferric (III) chlo- No green violet or blue 
Tide a (Refer to Section colour 
11.4. $ 


7. Reaction with bromine No reaction 
water. To 1 mL aqueous 
solution of the compound 
add bromine water drop 
by drop. Note the com- 
pound formation 


8. Iodoform test (Refer to 
Section 11.5.4) $ 


Liebermann’s test : To 0.5 
` mL of the compound add 
a few crystals. of NaNO: 
ing is fev drops of conc, 
2504, i 
142 (Refer to Section 
10. Phthalei isti 
( ee Bilge) (Refer to No characteristic colour A red colour 


Violet colour appears 


White. precipitate of 
tribromophenol 


Yellow precipitate of No reaction 
iodoform 


No characteristic colour A green or blue colour 
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12.5. DISTINCTION BETWEEN PHENOL AND BENZOIC 
ACID 


Both phenol and benzoic acid are aromatic in nature. They 
are acidic in nature as they release proton. The respective anions 
(conjugate. bases) are resonance stabilized (Refer to standard text 
book). However, with NaHCO;, only benzoic acid gives effereves- 
cence, while phenol, being a weaker acid in nature, does not react 
with NaHCO,. 

Benzoic acid is a colourless, plate like or needle shaped crys- 
talline solid. It is sparingly soluble in cold water but more soluble 
in hot water. 

Phenol is a colourless, crystalline low melting solid. It has a 
characteristic carbolic smell. It is sparingly soluble in water. It 
dissolves readily in alkali. 


Observation 
S.No. Experiment 
$ 7 Phenol Benzoic acid 


1. Physical state and colour Colourless or pink colour- White crystalline 


ed solid which melts, solid 

2. Solubility 
(i) in water Sparingly soluble Sparingly soluble 
(ii) in dil NaOH Soluble ; Soluble. 

3. Melting po‘nt 43°C 12.1.5°C 

4. Blue litmus test Turns red . Turns red 

5. Reaction with NaHCO. No effervesce ffi 

ii ry nce Strong effervescence, 
solution. Warm if necess- CO» is evolved (Test 
ary with lime water) - 

6. Neutral FeCl; solution Violet colour A buff coloured ppt. 
test (Refer to Section Souble in dil. HCI 
11.4.2) ; , White solid reapp- 

ears 


7. Liebermann’s reaction Deep blue No colouration 
(Refer to Section 11.4.2) Slain Lee = 


8. Ester formation test — Pleasant 
(Refer to Section 11.3.2) due Benes Pie 


12.6. DISTINCTION BETWEEN ANILINE AND PHENOL 


Aniline is an amino compound while phenol contains —OH 
group. The two compounds can be distinguished by performing the 
specific tests for the phenolic group (Liebermann’s and ferric 
chloride tests) and the amino group (solubility in HCl, azodye and 
carbylamine tests). Aniline is basic in nature due to the presence 
of a Jone pair of electrons on nitrogen. i 
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Phenol, on the other hand, is acidic in nature. 


Freshly distilled aniline is a colourless oily liquid. If turns 
teddish brown when exposed to light and air. Tt is slightly soluble 
in water. If forms crystalline salts with acids. It has a characteristic 


(i) Bromination 


OH OH NH, NH, 
D Br a | Br za ) ek Br. Br 
| + Br, — > —> 
Sy 7 i SN SS 
Br Br 


Take 0.5 mL of the liquid in a test-tube. Add ~5 mL 
water. Now add bromine water drop by drop and shake. White solid 
Separates, 


(ii) Both phenol and aniline can be acetylated and benzoy- 
lated with acetyl chloride and benzoyl chloride respectively. 


C,H;NH,+CICOCH, —-> C,H;NHCOCH,+HCI 
C.H,OH+CICOCH, ——> ©,H,0COCH,+HCI 
CcHsNH,+CsH;COCI—+ C,H,NHCOC,H,+HCI 
C.H,OH+C,H,COCI ——> C,H,OCOC,H,--HCI 


(iii) Both aniline and phenol undergo coupling reaction with 


diazonium salts and ‘produce azo compounds. These reactions form 
the basis of azodye formation. 


f 
RO ROA = <O) 


AZODYE 


ON <0) — EOR =N <6), 


Í Aniline yellow 
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Observation 


S.No. Experiment 
Ae) P Phenol 


Aniline 


1. Physical state and Colourless or light pink 


colour. solid which melts. 
2. Solubility Sparingly 

(i) Water soluble 

(ii) HCI = 

(iii) NaOH Soluble 
3. Boiling point 181°C 


4. Litmus test 


5. Neutral ferric chloride 
test 


6. Carbylamine test — 
(Refer to Section 11.7.1) 


7. Azodye test No scarlet-red dye is 
(Refer to Section 11.7.2) formed 


8. Liebermann’s test Deep blue or green 
(Refer to Section 11.4.2) colour 


Turns blue litmus red 
Violet colouration’ 


Reddish brown liquid, 
Slightly soluble 


Form salt 


183°C 
Turns red litmus blue 
No colour 


A characteristic 
obnoxious smell 


Scarlet red ppt. of 
the azodye 


ORAL QUESTIONS AND ANSWERS 
Q. 12.1. How can methanol be distinguised from ethanol ? 
Ans. Ethanol gives iodoform test while methanol does not. 
Q. 12.2. Why does methanol not give iodoform test ? 


Ans. It does not contain the essential group, i.e. CH;CH(OH) 
or CH;CO required for the iodoform test. 


Q. 12.3. Name the compounds which give iodoform test with 
NaOH -+- iodine solution. » 7 


Ans. All the organic compounds with — COCH; group or 
which can be converted into this terminal — COCH; group give the 
iodoform reaction. Compounds which contain this group are 
CH;CHO, acetaldahyde ; CH;,COCH,, acetone ; CH,COCH,CH,, 
2-butanone; CH,CH,CHOHCH,, 2-butanol (can be readily oxidized 
to CH;CH,COCH,). 


Q.12.4. Which of the three butyl alcohols, i.e, primary, 
secondary and tertiary will give idoform tests ? 


Ans. Only secondary butyl alcohol. This alcohol on oxida- 
tion will give CHs3CH,COCH,,, 


Q. 12.5. Why does acetone give a blue flame whereas benzal- 
dehyde gives a sooty flame ? 
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Ans. Benzaldebyde is an aromatic compound whereas acetons 
is an aliphatic compound. 

Q. 12.6. Name one property which has been the basis of 
distinction between benzaldehyde and acetone. 

Ans. Reducing behaviour of benzaldehyde and non-reducing 
behaviour of acetone. 

Q. 12.7. Does benzaldehyde reduce Fehlirg’s solution ? 

Ans. Benzaldehyde does not reduce Fehling’s solution—a 
distinction from acetaldehyde. 

Q. 12.8. Phenol is acidic while ethanol is not. Comment. 

Ans. (Refer to Section 12.4). 

Q 12.9. Which of the two, benzoic acid and phenol, is more 
acidic and why ? 

Ans. (Refer to Section 12. 5). 

Q.12.10. Benzaldehyde gives a Tollens’ reagent test but ace- 
tone does not. Comment. 

Ans. (Refer to Section 12.3). 

Q. 12.11. What are the-chemical similarities between ethanol 
and phenol ? 

Ans. (1) Both contain —OH groups. Both react with sodium 
metal and evolve hydrogen, 

2C,H;OH+2Na —-> 2C,H,ONa+ Hy 
2C,H,OH+2Na ——> 2C,H,ONa+ H, 

(2) Both form esters with the acyl chloride : 

C,H,OH-+CH,COC!I — -> CH,COOC,H;+HCI 

‘C,H,OH-+CH,COC!| —> C,H,OCOCH,+ HC! 

Q. 12.12. Suggest the test which can distinguish between 
ethanol and phenol. 

Ans. Phenolic —OH group is acidic in 
litmus red. It gives characteristic violet anpati, Ras 
Alcohol does not give these tests. of 
in Oe one the sample of phenol looks slightly pink 

Ans. Pure phenol is colourless, 
to air due to aerial oxidation. 

. 12.14. Both pheno! an i . ‘ 

red onrak NaHCO, beliage A e Ni eae: 

Ans. Phenol is a weak acid as compared to benzoic acid. 

Q. 12.15. Name some of the c 
in the case of both aniline and phenol. 

Ans. (i) Bomination, (ii) i ny : 
tion of the A as oR O) geyiation; and (iii) coupling teac- 


It turns pink when! exposed 


ommon reactions possible 


co 


* UNIT 13 


Preparation of Organic Compounds 


13.1. INTRODUCTION 


Organic reactions which lead to the formation of important 
compounds require special attention. Generally the, organic 
reactions are slow and do not proceed to completion. At times, cer- 
tain undesirable products are also obtained. Obviously the reactions 
require proper conditions and techniques so as to get the desired 
and pure product in adequate yield. We are already familiar with the , 
various methods usually employed in isolating and purifying the 
organic products (Class XI, Practical Book). Inthis unit we will 
study in details about the preparation of the following compounds : 


—iodoform 

—aspirin 

—acetanilide 

—dibenzal acetone 

—p-nitroacetanilide 
13.2. IODOFORM, CH,1 


i Iodoform is generally prepared by the action of iodine on 
acetone or ethanol. The reaction is carried out in alkaline medium. 


f The reaction involves conversion of acetone to tri-iodo-acetone 
ollowed by its hydrolysis to iodoform. 


[i 
CH,COCH,+31,+3NaO0H ——> CH,C—Cl,+3Nal+3H,0 
(0) 


il 
CH,—C—Cl,-++NaOH > CHI, +CH, —COONa+ 
CH,—COCH, +31,-+4NaoH->CHI, + CH,—COONa*+3Nal-+-3H,0 


Ethyl alcohol, if taken, is first oxidized to acetald 
(CHsCHO), which, in turn, reacts to form iodoform (CHI) : abe 


CH,CH,OH+1,+2Na0H > CH;CHO+2NaI+2H,O 
CH,CHO+3l2+3Na0H —> I5C—CHO+3NaI+3H,O 
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IsC—CHO--NaOH > CHI, +HCOONa - 
Iodoform 
Acetone is always preferred as its give more yield. It does 
not involye oxidation to acetaldehyde as with ethanol. 


Apparatus: Conical flasks (250 mL), beakers, round bottom 
flask, water condenser, glass tod, water pump, filtration assembly, 
water bath, measuring cylinder, filter paper, funnel, boiling 
tubes. 


Chemicals : Acetone (2 mL), potassium iodide (8.0 g), 10% 
sodium hydroxide (15 mL), 1M sodium hypochlorite 100 mL, 
methylated spirit. 

Procedure: Place a solution of 8 g of potassium iodide in 
50 mL of water in a 250 mL conical flask. Add 20 mL of acetone 
and 20 mL of 10% sodium hydroxide solution and then slowly add 
with stirring a freshly prepared solution of sodium hypochlorite ° 

-until the precipitate of iodoform keeps forming. Allow to stand 
for 10 minutes. Wash the Precipitate twice with water. Yield of 
crude will be approx. 3.0 g. 

You will find that the yellow crystals of iodoform separate 

Out. Separate the product by filtration at the pump (Fig. 13.1), 


CRYSTALS ON 
FILTER PAFER 
{INSIDE FUNNEL) 


Fig.313.1. Filtration washing and drying o t 
Qjvacuum filtration assembly with ieee k 
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$ NaOCI+KI NaOH 
CH,COCH,; ————~ Cl,COCH, ———> CH,COONa+CHI, 
aq aq 


Recrystallize the crude iodoform using methylated spirit. For 
recrystallization, place the crude iodoform in a 100 mL round- 
bottom flask fitted witha water condenser. Adda small quantity 
of mehtylated-spirit and heat to boiling on water bath (Fig. 13.2). 
Continue addition of small quantities of methylated spirit until all 
the iodoform has dissolved. Filter the hot solution through a fluted 
filter paper (Class XI—practical book) into a conical flask and 
cool. The iodoform crystallizes rapidly. Filter and drain at the 
pump and allow to dry. (Fig. 13°1). Crystals can be dried by 
spreading over the folds of filter paper. 
Results : Colour of the crystals : 
Shape > » : 
Yield » >» 


mp 3 » 3 (Literature mp 119°C) 


Percentage yield ,; 
a R 
f 1 Ih 
i 
bd 
A 
Fe WATER 


METHYLATED 
SPIRIT 
+ IODOFORM 


PUMIC STONES 


73 


Fig. 13.2. Dissolution of the compound in methylated Spirit, | 
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Note: (i) If sodium hydrochloride is not available then it 
can be prepared from sodium carbonate and iodine. 


CH;COCH;+Na,CO,+31,>CHI,-+ (@ 


(ii) If the Preparation is done o 
tube, small funnel, glass button a 
filtration purposes (Fig. 13,3), 


Todoform from ethanol 


Chemicals : Ethanol ~TmL, 
powdered iodine, 10 g. 


Procedure ; Take sodium car- 
bonate and ethanol in a 250 mL 
beaker. Now add the Powdered 
iodine in small amounts at a time 
with constant stirring. Heat the 
Contents to 70-80°C on a Water 
bath. After a lapse of time, yellow 
cyrstals of iodoform separate out. 
Allow it to cool and filter at the 
pump (Fig. 13.1). Wash the crystals 
thoroughly with cold water. Re- 
crystallize from Methylated spirit as 
suggested earlier, Determine the 
yield, and compare with the yield 
obtained with acetone 


13.3. ASPIRIN 


The chemical name of aspirin is acet 
common pain killer. It is Prepared by th 


acid with acetic anhydride in the pr 


SALICYLIC ACID ACETIC 


ANHYDRIDE 


Apparatus : Conical flasks (2 


H,COONa+3NaI+H,O+ CO, 


n the smell scale, a boiling 


nd water pump can be used for 


sodium carbonate 15 g, and 


==), 


<= 


F 
| | 
i | 


8 


S| 
Fig. 13.3. Filtration and drying 
of the crystals using glass 
button. : 


YI salicyclic acid, It is a 
e acetylation of salicyclic 


esence of conc, H,SO, (catalyst). 


+ CH,COOH 
3 


ASPIRIN (ACETYL SALICYCLIC ACID) 


50 mL), b th, 
filtration assembly, measuring cylinder, a Sakers, water ba 


boiling tubes, thermometer 


lter Paper, glass rod, 


i 
LA TO WATER PUMP 
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Chemicals: Salicylic acid (5 g), acetic anhydride, 7.0 mL 
conc. H:SO4. 

Procedure : In a 250 mL conical flask take 5 g salicylic acid 
and 7.0 mL acetic anhydride (can be taken with a measuring 
cylinder). Add a few drops (say 0.5 mL) of conc. H,SO,. Shake 
the reaction mixture well and heat in a water bath for 15 min. 
keeping the temperature about 50-60°C. Cool the contents with 
occasional stitring. Now pour the contents into ice cold water, 
(~100 mL) contained in a 250 mL beaker. Aspirin separates as 
white ppt. At times, vigorous stirring is essential to get the product. 
Filter the white mass and wash thoroughly with ice-cold water. The 
yield of the crude sample will be ~6.0 g. 


Recrystallize the crude aspirin by dissolving in 25 mL ethanol 
placed in a 100 mL round bottom flask fitted with a water 
condenser. Heat in a water bath (Fig. 13.2) to dissolve the crude 
mass completely. Filter the hot solution through a fluted filter 
paper into a 250 mL conical flask to separate any suspended - 
impurity. Now start adding distilled water slowly until the solution 
assumes turidity. Heat the contents to get a clear solution. Allow 
the contents to cool slowly. Beautiful needle-like crystals of aspirin 
reas ser and dry the crystals on vacuum filtration assembly 

ig. 13.1). 


Note : Recrystallization can be done with 50% glacial acetic 
acid also. i ; 


Result : 
Colour of the crystals : 
Shape ,, s ar 
Yield ,, 5 sare (Literature mp 135°C) 
mD ois D hae 


Percentage yield ,, : 
13.4. ACETANILIDE 


Acetanilide is an important starting product for manufacturing 
Many organic compounds. It is prepared by acetylation of aniline. 
Acetylation is done by using acetic anhydride and acetic acid. 


Hg (CH,CO),O 
Ñ . 
i “CH,COOH NHCOCH, 
ANILINE ACETANILIDE 
Apparatus : Round bottom flask, measuring cylinder, beaker 


conical flask, air condenser, filtration assembly, filter pa’ 
rod, water bath, wire gauze. Epner iglesa 
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Chemicals : Aniline {redistilled or decolourised with animal 
charcoal), acetic anhydride, glacial acetic acid, zinc chloride, HCI, 
distilled water, sodium acetate, 


Procedure : First Method : In a 250 mL ro 


Stirring, Connect the fi. 


ANILINE 
+ 
ACETIC ACID 


e hot gah Stop 
. Teactio i 3 
-vater contained in a ker, g,- Mixture into 


Faker. Stir the contents 
n separate Out. Filter ¢ © product at 
Uct with distilleg Water and dry 
i ith about 60 ic aci 
acid+40 mL water) in a beaker, Fj throws acid tiles 


- Filter hot th 
Paper and allow the filtrate to cool. White crystals pete filter 


CEA 
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separate out. Filter and wash the crystals with water and dry them 
on the pump. Approximate yield is ~10.0 g. 

The crude product can also be recrystallized from hot 
water containing a little alcoho! (125 mL+5 mL alcohol). 

Second method : In another method of preparation, aniline 
(10 mL) is mixed with a 20 mL mixture of acetic anhydride (10 mL) 
and glacial acetic acid. About !.2g of ZnCl, is also added. The 
contents are heated in a beaker for about | hr. Now the hot reaction 
mixture is added to 200 mL ice cold water with vigorous stirring. 
The crude product gets separated. Filter and recrystallize. This 
method is quicker. 

Third method : Measure out 5 mL aniline and 5 mL conc. HC} 
with a measuring cylinder in a 200 mL conical flask. Add ~100 
mL distilled water with stirring. In a separate beaker, dissolve 
~ 8.0 g of sodium acetate in ~20 mL water and add to the aniline 
solution. Now add ~ 65 mL acetic anhydride and cool the reac- 
tion vessel in an ice bath. Keep stirring the contents. After some 
time the solid will separate. Filter the product on the pump. 
Recrystallize the product from water containg a little alcohol (as 
saggerted earlier). 


Result : Colour of the crystals ; 
Shape y BD 
Yield me Fetes 
mp ” ” 
Percentage yield ,, 
13.5. DIBENZAL ACETONE 


' Aromatic aldehydes like benzaldehyde condense with aliphatic 
ketones with two H-atoms linked to a-carbon atom in the presence 
of alkali. The condensed products are a-8 unsaturated ketones. 


(Literature mp 114°C) 


B æ 
C,H;CHO+CH,COCH, ——> C,H,CH=CHCOCH, 


_ However, if the two equivalents of benzaldehyde and one 
equivalent of acetone is made to undergo condensation Teaction 
in the presence of sodium hydroxide, dibenzal acetone is formed. 


NaOH 
C,H;CHO +CH;COCH,+-OHCC,H, => 
Benzaldehyde Acetone Benzaldehyde 
C:H;CH=CHCOCH = CHC,H,;+ 2H,0 


Dibenzal acetone 
This reaction is a classical example of Claisen reaction. 


Apparatus : 250 mL conical flask, filtration assembly, mea- 
suring cylinder, condenser, water bath, round bottom flask glass 
rod. t 
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Chemicals: Benzaldehyde, acetone, sodium hydroxide, 
methylated spirit, NaOH. 


Procedure : Take 5 mL benzaldehyde, 2 mL acetone and 30 
mL methylated spirit in a 250 mL conical flask. Shake the contents 
well by giving rotating motion to the flask. Now add 10 mL of 
10% NaOH solution to the reaction mixture drop by drop with con“ 
stant stirring. Cork the flask tightly and shake the contents vigo- 
rously for about 10 minutes. Release the pressure by removing and 
replacing the cork from time to time if necessary. Allow the contents 
to stand forsometime so that the reaction is complete. Cool the flask 
inice bath. After sometime yellow crystals will start separating. 
Separate the crystals by filtering on the pump. Wash them with ice- 
cold water and dry. The crude product will be about ~5 g. 

Recrystallize the crude product by dissolving in ~30 mL 
methylated spirit. Heat the contents as suggested in Fig. 13.2. 
Filter the hot solution through cotton plag or fluted filter paper. 
On cooling, the crystals of dibenzal acetone will separate. Separate 
the crystals by filtering on the pump. Dry the crystals by spreadings 
over a fold of filter paper and take the mp. 

Result: Colour of the crystals 
Shape AS RS : 
mp h 3 : (Literature mp 112°C) 
Yield ni 3 


Percentagé yield 
12.6. p-NITROACETANILIDE 


By experience we know that the amino group is susceptible to 
oxidation by nitrating mixture. This makes the preparation of nitro 
derivative of aniline and its derivatives a difficult exercise. Under 
the circumstances the amino group is protected by acylation. Both 
the acetylamino —CH;-CO-NH— and amino groups direct the nitro 
group in ortho and para position. When acztanilide is nitrated, 
P-nitroacetanilide crystallizes out with a small quantity of ortho- 
derivative. The ortho-derivative is readily soluble in methylated 


spirit while the crystals of p-nitroacetanilide are not soluble The 
reaction is as follows : i 


NHCOCH, ‘NHCOCH, NHCOCH, 
CONC. HNO, NOP 
[IR 
CONG. H,S04 iv 
NO, 
ACETANILIDE (MAJOR) 


- (MINOR) 
P-NITROACETANILIDE o-NITROACETANILIDE 
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The nitration under the cold conditions mainly yield the para 4 
product. 

Nitration of acetanilide to p-nitroacetanilide is a typical 
vAectrophilic substitution. The electrophile is NO,* which is pro- 
¥ -Aduced when both H,SO, and HNO, interact. 


Hy + 
H:SO,+HO—NO, ——> HSOS+ — >O—NO, 
H 


H, + 
O—NO, ——> H;,O+NO,+ 


H^ Nitronium ion 


Nitronium ion goes to high electron density centres, i.e. ortho 
sand para centres present on the acetanilide molecule. 


Apparatus : Conical flask, boiling tube, measuring cylinder, 
‘beaker, glass rod, water bath, thermometer. 

Chemicals: Acetanilide, conc. H,SO4, fuming HNOz,, glacial 
acetic acid. 

Procedure: Dissolve 10.0.g acetanilide in 10 mL glacial 
-acetic acid contained in a 250 mL conical flask. Now add 20 mL 
conc. HSO, drop by drop with a dropper. Keep stirring the contents 
in the flask with rotating motion (the solution will become hot). 
‘Keep the reaction vessel covered with freezing mixture (salt-+ice) 
taken in an ice bath. Note the temperature of the contents until it 
Teaches ~5°C. Now add fuming nitric acid (4—5 mL) drop by drop 
to the flask placed in ice-bath, keep stirring the contents with a glass 
Tod. Maintain the temperature ~5°C. When all the acid has been 
added, allow the reaction mixture to stand at room temperature for 
~30 minutes. Pour the contents of the flask over crushed ice taken 
in a beaker, when the crude p-nitroacetanilide is precipitated. Stir the 
contents well. After a lapse of 15 minutes, separate the product by 
filtering on a pump. Wash the crude product well with ice cooled 
water and dry. The yield of the crude product is ~8 g. ` 


1 Recrystallize the crude product by dissolving in ~20 mL methy- 
as Spirit as suggested under dibenzal acetone. The pure crystals 
“OF p-nitroacetanilide are colourless in appearance. 
Result : Colour of the crystals : 
Shape p5 F $ 
Wield Sy : 
mp m i +. (Literature mp 214°C) 
Percentage yield ,, 


Note : If the sample is too yellow. It contains the impurit; 
of o-nitroacetanilide. purities 
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ORAL QUESTIONS AND ANSWERS 
13.1. In what cases, are ordinary filter papers used, andi 
in what cases, are fluted filter papers used ? 


Ans. When itis desired to retain the precipitate for further 
operations, ordinary filter paper is used since it is easier to remove’ 
the precipitate from such a filter paper. If, on the other hand. the 
solution only is needed for subsequent operations, a fluted filter 
paper is used ; filtration in this case proceeds faster owing to @ 
larger filtering area. 


Q. 13.2. How can you increase the rate of filtration ? 


Ans. The rate of filtration can be increased by using a 
suction pump. 

Q. 13.3. Why is the filter paper made wet with water before: 
starting the filtration ? 


Ans. Water helps in the proper fixing of the filter paper 
against the sides of the funnel. 


Q.134. What is the harm ifair gets in between the filter: 
paper and the funnel ? i 

Ans. The rate of filtration will become slow. 3 

Q.13.5. Is water always used to wet the filter paper ? 


Ans. No, water is not used to wet the filter paper when the: 
liquid to be filtered is not miscible with water 


Q 13.6. How can a liquid be transferred from a beaker to a. 
funnel without spattering, and without running down the outer wall 
of the beaker ? 


Ans. By pouring the solution against the stirring rod while: 
the tip of the beaker touches the rod 


Q. 13.7. What is acetylation ? 
Ans, The reaction of replacing hydrogen of an hydroxyl! 
(0) ] 
Il 
group (—OH) or amino group (—NH,) by —C—CH, group is called: 
acetylation. | 


Q. 13.8. Name a few acetylating agents: 
Ans. Acetyl chlorid CHC M hydride 
[(CH,CO),0}]. yl chloride (CHsCOCI) and acetic anhydri 


Q. 13.9. N ANS n 
aa aN the acetylated products of (i) aniline, and (ii) 


Ans. (i) Acetanilide (ii) Acetyl salicylic acid (aspirin). 
Q. 13.10. What is Nitrating mixture ? 
Ans. It is a mixture of conc. HNO, and conc, H,SO,. 
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Q. 13:11. What is nitration ? 


Ans. The replacement of hydrogen in an organic compound 
by nitro-group is called nitration. 


Q. 13.12. What is nitronium ion ? How is it obtained ? 
Ans. 


Ay + 
H.SO,++HO—NO, ——> HSO, + woo NO: 


Ay + a 
O—NO, ——> H,0+NO, 
H~ Nitronium ion 
Q. 13.13. Which compounds will give iodoform reaction ? 
Ans. Compounds that contain the CH;CO—group and which 
can be oxidized by iodine to CH;CO—group give iodoform reaction. 


Q 13.14. What happens when aniline is treated with nitrating: 
mixture ? 

Ans. It is oxidized to benzoquinone. 

Q. 13.15. Nitration of acetanilide by nitrating mixture gives a 
mixture of both ortho and para nitroacetanilide. Suggest a method 


of decreasing the percentage of ortho-nitroacetanilide in the nitration 
reaction. 


Ans. The percentage of ortho-nitroproduct decr eases when 
the nitration reaction is carried out at low temperature. 


Q 13.16. Name the condensation product formed~when 


acetone and benzaldehyde are taken in equimolar ratio in the pre- 
Paration of dibenzal acetone. 


Ans _ Benzylidene acetone will be formed. 


NaOH 
C,H;CHO+CH,COCH, ———> C,H;CH=CHCOCH, 
Benzylidene acetone 
Q. 13.17. How is ethanol converted into iodoform ? 


__ Ans. Ethanol is first oxidized to acetaldehyde by hypohalite 
which, in turn, is iodinated by iodine in the presence of a base-to: 
yield tri-iodomethane or iodoform. 


Oxidation 


CHOH ———+ CH,CHO 


NaOH/I, Hydrolysi 
CH;CHO ———-> Cl,CHO raises 


H—CO,H Tana 
Q. 13.18. Give the common uses of iodoform and aNpitin: 
Ans. Iodoform is used as a common disinfectant. 
. Aspirin is a popular pain-killer, 
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Q. 13.19. How will you calculate the theoretical yield of iodo- 
form when acetone is the starting material ? 

Ans. For calculating the theoretical yield, 

Molecular mass of acetone CH;COCH,;=58 

Molecular mass of iodoform CHI,=394 

Hence, for 100% conversion, 

Mass of iodoform expected from 58 g acetone=354 g 

354 


Mass of iodoform expected from lg acetone= -zp 56.1 g 
If the yield obtained is, say, x g 
Percentage yield obtained= > x 100% 


Q. 13.20. Acetylation of phenol is not done conveniently in 
alkaline medium using acetyl chloride. Comment. 


Ans. In alkaline medium, acetyl chloride hydrolyses rapidly 
to acetic acid. 


_. Q. 13,21. Suggest a method of carrying out the acetylation % 
of phenols, 


Ans. Acetylation of phenols can be carried out by using 
acetic anhydride in the presence of conc, sulphuric acid as 
a catalyst : 5 ; 


H2S04 
C,H;0H+(CH;CO),0 ——> C,H,OCOCH,+CH,CO,H 


Q. 13,22. What is salicylic acid ? 


ty i COOH 
Ans. Salicylic is o-hydroxybenzoic acid. 


OH 
Q. 13.23. Aniline sample is usually yellowish brown in colour. 
‘Comment. 


Ans. Pure aniline is a yellowish brown coloured liquid. When 
‘exposed to light and air and kept for long it gets oxidized to peroxo 
‘compounds and assumes yellowish brown colour. 


_ Q. 13.24. Why do we add some methylated spirit to water 
during crystallization of acetanilide ? 


Ans. In aqueous solution solubility of acetanilide depends 
upon temperature. In cold solutio i : v 


Q. 13.25. What is Claisen reaction 2 
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Ans. It is the condensation reaction of two equivalents of 
benzaldehyde with one equivalent of acetone in the presence of 
aqueous sodium hydroxide to dibenzal acetone. 

Q. 13.26. Why do we add alcohol to the reaction mixture of 
benzaldehyde and acetone ? 

Ans. Alcohol is added to keep the benzylidene acetone, form- 
ed by the condensation of one molecule of benzaldehyde with one 
molecule of acetone in solution. 

Q. 13 27. Can aniline be nitrated with nitric acid ? 

Ans. No. Nitric acid oxidizes aniline. 

Q. 13.28. How is nitroaniline prepared 2 

Ans. Nitroaniline is prepared by first protecting the amino 
group by acetylation. Acetylamide group is ortho and para directing 


group. This group is later hydrolysed to amino group after 
nitration. 


NHCOCH, NHCOCH, NA; 


NH, 
(CH,CO),O HNO;/H,SO, DIL H,SO, 
q a A 
CH, COOH IN ACETIC 
ACID 
NO, 


Q. 13.29. Is nitration an electrophilic or nucleophilic substi- 
tution reaction ? 


. Ans. Nitration involves NO,*t ion. It is an electrophilic 
substitution reaction. i 


Q. 13.30. How is p-nitroacetanilide separated from o-nitro- 
acetanilide ? 


Ans. During the course of crystallization o-nitroacetanilide 
remains in ethanol as it is more soluble in ethanol. 


Q. 13.31. At times the sample of p-nitroacetanilide appears. 
yellow. Comment. 


_ Ans. It is due to the presence of impurities. Along with 
P-uitroacetanilide, a small amount of o-nitroacetanilide is also 
formed which is yellow in colour. 


NO 


2 


OO 


UNIT 14 


Investigatory Projects 


It is always interesting to learn through visual experiments 
and activities. Investigatory project is a step only in that direction. 
It involves the investigation of a problem through scientific know- 
ledge.and its application. A project work differs from routine class 
experiments since it necessarily makes investigation a single theme 
through a series of related experiments. The project studies can 
always be made exciting by keeping its ends open. Through such 
studies, the students understand the significance and relevance of 
the science. At each stage, it encourages the students to think and 
understand rather than simply memorize facts. 

In brief, a project involves the studies of the various aspects of 
a problem, independent thinking and analysis of results. The 
studies at times, may lead to useful relationship of the experimental 
findings to other related work. 


How to select a project ? 

Project may be chosen from any area of the course from 
sciences or an inter-disciplinary area. The choice of the project 
should depend upon the following : 

—theoretical background of the student 

—objective-.-... 

—competence of the student, teacher, etc. 

—facilities ayailable in the school and at home 


—accessibility to the other places where facilities are 
available 


—interests, inquisitiveness and efforts of the students 
—motivation 
—self confidence and determination, 

Working of the project 


Some of the relevant points are listed below: 


—planning, collection of information, 
object, collection of apparatus and che 


—execution of the plan and experiments 


keeping in view the 
micals, 
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—proper recording of the results 
—rechecking of the results 


—interpretation of the results 
—applications, etc. 


Presentation of the project 


The general lay out for recording the project is suggested 
below : 


—title of the project 

—general introduction 

—required materials’ 

—detailed experimental procedure 
—experimental observations 
—discussions and conclusions 
—interpretation of results 
—suggestion for further improvement 
—applications 

—bibliography 


14.1. DIFFUSION OF SOLIDS IN LIQUIDS 


Diffusion of a solid in liquid is understood as the dispersion 
of a solid in the liquid so as to get a homogeneous mixture. In the 
process, a phase change occurs, as it does when a gas dissolves in a 
liquid, converting the solid substances into a solution phase. A 
solution of a solid solute in a liquid has properties that are signi- 
ficuntly modified from the properties of the liquid. For solution to 
occur, attraction between solvent and solute particles must take 
place. As the solution process occurs (Fig. 14.1) particles are pulled 
away from the crystal lattice by the attraction of the solvent mole- 
cules. When sugar dissolves in water, the hydrogen bonds between 
the C—OH groups of the sugar molecules in the crystalline 
solid are replaced by hydrogen bonds between these C_OH groups 
and water molecules. When iodine dissolves in CCl,, the van der 
Waals forces between iodine molecules in the solid are replaced b 
the van der Waals forces between iodine and CCl, molecules. If fee 
attraction between solid particles or between liquid particles is 
greater than the attraction between solid and liquid, solution process 
‘will not take place. To some extent this solvent-solute attracti 
reduces the freedom of the solvent molecules. on 


The dispersion of the solid in liquid will thus depend 
nature of solid and liquid, external conditions, etc. "The EG 
process is generally endothermic: = 
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Fig. 14.1. A solid solute dissolves by solute 
particles leaving the solid phase 
and becoming distributed in the 
solution phase. 


Experiment 14.1. 1. To Study the rates of diffusion of potas- 
sium dichromate and copper sulphate in. water. 


General: When potassium dichromate diffuses in water, the 
solution assumes orange colour. And the solution of copper sulphate: 
assumes blue colour. Hence diffusion of coloured solids ` in, water 
can be visualized by the dispersion of the respective colour in water. 
Quick dispersion of a colour ofa solid exhibits the higher rate of 
its diffusion in water. 


Apparatus: Two 250 mL graduated measuring cylinders, 
two stop watches. 
Chemicals 


: Potassium dichromate, copper sulphate, distilled 
water. 


Procedure. Take a fixed volume Say 150 mL of distilled water 
in the graduated cylinders marked as | and II. Place a crystal of 
copper sulphate (~2g in mass) gently at the bottom of cylinder I, 


eight of the crystal in the cylinder 


different in both the cases. This show 
different solutes in water is different. 
height of the coloured solution against t 
X-axis and height along Y-axis (Fig. 14.2) 
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Vink —— 


————_1—___—_. 


a nt = 
60 120 180 : 240, 300 


Timin —————__> 


Fig. 14.2. Graph of height of the column of coloured solution 
against time. 


Observations : 
Room temperature=~-°C 
Mass of CuSO,.5H;0 crystal=...g 
Mass of K,Cr,0, crystal=---g 
Molecular mass of CuSO4.5H,O=249.5 g/mol 
Molecular mass of K,Cr,0,=294 g/mol 
Molecular mass of Cu*+ ion=63.5 g/mol 


Molecular mass of Cr,0,?- ion=216 g/mol 
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For copper sulphate solution 


-S. No, i l i i ir ‘Rate of diffusion 
S. No. es Level of solution Diference in Vale 
3 a (mL) =mL/min 
Initial Final 
(reading) (reading) 
ae || £ 
1 30 
2 60 
3 90 
4 120 
5 180 
6 240 
7 300 
Total time=...5 hr Average rate of diffusion=...mL/min 


Record the observations for K,Cr.0, as suggested for copper 
sulphate. 


-Results and Discussion 


Both from the Observations at constant temperature and graph, 


it can be inferred that copper sulphate diffuses at a faster rate than 
potassium dichromate. 


Diffusion, as understood experimentally by the movement of 
coloured boundary upward, isin fact diffusion of coloured ions 
(Cu*+ and Cr,02-) upwards. 

Despite the amount 
temperature, there is a di 


N 2 1 


34 1.84 


216) 4/304 
that is, Cu?+ ions Should diffuse 1.84 
Cr,0,7" ions. 


Actual ratio between their rates of diffusion as found experi- 
-mentally is....... This is in agreement to the expected ratio. 


times more rapidly than 
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This fact‘can be further investigated by noting the relative 

tates of diffusion of some other coloured ions, e.g., MnO, , CrO,7", 
Cott, etc. > ;. 

The other factors which could influence the rate of diffusion 


are : nature of charge onthe ion (+ve or -ve), magnitude of 
charge, presence of diverse ions and their nature and charge, etc. 


Experiment 14.1.2. To study the effect of temperature on the 
tates of diffusion of a crystalline salt in water. 


General : Increase in temperature or supply of heat increases 
the kinetic energy, i.e., randomness of the molecules of the solid 
particles which, in turn, help the process of diffusion. 

Apparatus : Four 250 mL graduated cylindes, stop watch, 
thermometer. 

Chemicals’: Copper sulphate, distilled water. 

Procedure: Take 200 mL distilled water at different tem- 
perature, say 20°, 40°, 50°C and 60°C in the four different graduated 
cylinders marked as A, B, C and D respectively. Put copper sulphate 
crystal of the same mass in each almost at the same time. Observe 
the rise of blue colour in all the cylinders. Note the rise in level of 
the coloured phase after every half an hour for ~3 hr and record 
as suggested in the table given below : 


Observations : 
Mass of copper sulphate added to each solution: ~5 g 
Volume of water in each cylinder : 200 mL 


Cylinder |Temperature| Level of coloured phase of different intervals of time 
30min 60min 90min 120min 150 min 180 min 


A 20°C 
B 40°C 
Cc 50°C 
D 60°C 


Results and Discussion 


It is seen from the table that rate of diffusi i 
] ‘om. iffusion of solid mole- 
cules increases with increase in temperature. One can say mr 
velocity of anion increases with rise in temperature. Hence, the 
: 


rate of diffusion, which depends on the veloci i i 
te of ocity of ions, incre: 
with rise of temperature. i nae 


If we perform the experiment with water at ten different tem- 
peratures, we shall have rate of’ diffusion at ten different tempera- 
tures. A graph can be planned between temperature and Tale of 


® 
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diffusion. From the shape of: the curve One can inferred the relatiom 
between temperature and the rate of diffusion. 


diffusion. 
=etc: 


QUESTIONS 
1. What is meant by the term diffusion ? 
2. State the Graham’s law of diffusion of gases. 
3. Why do substances diffuse into liquids ? 
4. How does diffusion of a solid in a liquid take place ? 
5. State the factors which affect the diffusion ofa solidin a 
liquid. : 
14.2. ROLE OF MANGANESE DIOXIDE IN THE PREPA- 
RATION OF OXYGEN GAS, 


Many reactions Proceed quite slowly when the reactants are- 
mixed alone but can be made to occur much more rapidly by 
adding some other substance. Such substances are called catalysts. 


mical reaction without experiencing 
any significant change. In the P. 


chlorate, mangance dioxide is used as a catalyst. 


Generally a catalyst is used to speed up a reaction but there 
are also catalysts that slow down a reaction, A Substance of this; 


— 


ACTIVATION ENERGy WITH 
A NEGATIVE CATALYST 


ACTIVATION ENERGY 
: WITHOUT CATALYST 


ACTIVATION ENERGY WITH 
A POSITIVE CATALYST 


POTENTIAL ENERGY 


FUNCTION OF EXTENT OF REACTION — 


Fig. 14.3. Effect of a catalyst on the activation 

energy of a reaction, 

type is sometimes called a Negative catalyst or an inhibitor, FA cata-- 

lyst alters the speed of the Teaction by c anging the activation 

energy or the energy barrier. Figure (4.3 Shows how a. catalyst: 
that speeds up a reaction works by decreasj 


F } ‘Sing the activation energy, 
while a negative catalyst increases the activation energy; 
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You have already read about the mechanism of catalysis in 
‘your theory classes. (Unit 6 class XII text book). 


(i) Catalyst does not experience any chemical change. 


(ii) Effectiveness of a catalyst depends upon its active surface 
-area (catalysis is a surface phenomenon). 


(iii) The rate of reaction is affected by the amount of catalyst. 


(iv) Catalysts are selective in nature i.e. same catalyst cannot 
‘be employed for every reaction. 


Some of the properties can be investigated experimentally by 
: -designing simple experiments. 


14.2.1. To determine the minimum quantity of manganese 
dioxide required for the preparation of oxygen gas, 


General : In the laboratory, oxygen is prepared by heating 
potassium chlorate in the presence of manganese dioxide, which 
acts as a catalyst, 


£ MnO, 
2KC1lO, ———> 2KC1+30, 
Heat 


To ascertain the miaimum quantity of manganese dioxide 
which is just sufficient for the decomposition of potassium chlorate 
it is desired to take a number of mixtures of potassium chlorate 
and manganese dioxide in which the quantity of potassium chlorate 
is fixed whereas the quantity of manganese dioxide is varied, The 
Tate of the evolution of oxygen gas in each case is determined. From 


the rate one can find the mixture from which oxygen is evolved at 
the highest Tate. ` b 


_ Apparatus : Fifteen hard glass test tubes, corks, delivery tube, 
beehive shelf, graduated tube or cylinder and stop watch. ; 


Chemicals : Potassium chlorate, manganese dioxide and 
water. : ? $ 


Procedure :' Take 15 hard glass test tubes. Clean and label 
them from 1 to 15. 


___, Take 5 g potassium chlorate in each. Then take manganes: 
dioxide in each test tube in the following proportions : oe 


os 


Test tube a eeoa E GET A Bind), IIIA A13., 14 15 


KCIOs,g [5.0 5.0 5.0 5.0 5.0 5.0 5,0 5.05.0 5.05.0 5.0 5.0 5.0 5.0 


MnO;, g 0.2 0.4 0.6 0.8 1.0 121.4 1.6 1.8 2.02.2 24 26 28 3.0 
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POTASSIUM CHLORATE 
AND MANGANESE 
DIOXIDE 


Fig. 14.4. Preparation of oxygen 


Set up the apparatus for the preparation of oxygen gas as. 


shown in Fig. 14.4. Clamp hard glass test-tube no. 1, with its mouth 
tilted slightly downward, 


Now heat the test tube and allow a few bubbles of oxygen to 
escaye and then place a graduated tube or cylinder filled with water 
over the heehive shelf and immediately start the stop watch. Note 
the time when water level in the tube or cylinder js at 10.0 mL (i.e. 
10 mL of oxygen is collected in the tube). Suppose this time a 


tı S- 

Repeat the experiment with tubes 2,3, ...... and 15. Let-the 
time be tə tg-----and tiges Record the; observations as suggested: 
below : 


Observations : 
Mass of KCIQ, taken each time=5 g 
Mass of MnO, taken from 0.2—0.3 g as suggested earlief. 


255% 


Tube pomeo pep Vane Ol ane 
collected minute 
1 10 mL t j 5/4 
2 Se ta 5ir= 
3 . 13 à ` Sity= 
4 ea \ t4 S)t4= 
3 "6 ty S/ts= 
6 i le S/te= 
7 rA ty 5|tz= 
8 r ty S/t= 
9 E ty 5/t= 
10 Fs tio 3/tio= 
1 An. tt S|te 
12 PA tia 5lta= 
13 on ths Sltis= 
14 5 ta S/tiu= 
15 ip ho S/ti5= 


Result: The minimum amount of MnO, required for decom- 
posing 5 g of KCIO, is....-.. Also calculate the amount of MnO, 
required for 100 g of KCIOg, i.e. 9% MnO, required- 


Conclusion. For maximum yield of oxygen, percentage of 
MnO; in the mixture of KCIO,and MnO, should be about 21.9%. 
It is for this reason the mixture of KCIO, and MnO, is taken in the 
ratio of 4: 1 for the preparation of oxygen in the laboratory. 


Precautions: (i) MnO, should be free from carbon. 
the presence of carbon explosion ma: 


fast oxidation of carbon by KCIO,. 


(ii) The test tube should be placed with its mouth sloping 
down so that any moisture if condensed does not move to the hot 
part of the test-tube. This will prevent the breaking of tube, 


(iii) The tube should be heated gradually so that the evolution 
of oxygen can be controlled. 


In 
y take place on heating due to 
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(iv) The delivery tube should be removed from the water 
‘trough’ before stopping the heating of the tube to prevent back 
suction. 


Note : Oxygen gas can also-be prepared by decomposition of 
hydrogen peroxide. Manganese dioxide also acts as a catalyst for the 
decomposition of hydrogen peroxide. No heating is required in this 
method. : 


MnO, 
2H,0, ——> 2H,0+0, 
QUESTIONS 


1. What is the role of MnO, for the preparation of oxygen 
gas ? 
2. What is a catalyst? How does it work ? 


3. Mention some characteristics of a Catalyst which affect its 
functioning. 


4. Doall catalysts always accelerate the rate of chemical reac- 
tions ? Comment. 


5. What are negative and positive catalysts ? 

6. Which of the two substances is preferred to prepare oxygen 
and why? (i) KClO, and (ii) H,Og. 
14.3. ORDER OF A REACTION 


The rate of a chemical reaction depends upon the concentra- 
tion of the reactants and it alters as the reaction proceeds. ; 


The number of reacting molecules whose concentra- 


tion alters as a result of chemical change is called the “Order , 


of reaction”. 
For a general reaction 
mA+nB > pC+...... 


Consider that tog concentration of the reactants A and B 
alters during the reaction. 


i d ; 3 
At any instant, the rate | will, therefore, be given by the 
-equation : à 
=k [A]" 
dz ~% [A]" [B]" 
and the order of the reaction will be (m+n). 


where k is the rate constant. Here the exponents m and n are called 
the order of reaction with respect to A and B respectively. The 
.sum (m-n) is known as overall order of the reaction. The follow- 
ing points concerning the order of a reaction be carefully noted : 
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1. The order of a reaction with respect to different 


reactants has to be obtained experimentally by de- 
termining the rate iaw. 


2. ‘The order of reactions are frequently whole numbers 
but it can also have \fractional values, e.g. 0, 1, 2, 3, 
3/2, 1/2, etc. 

3. The order of a forward reaction is always positive. 


However, for a reversible reaction, the order can 
have negative value also. 


4. The order of a reaction is an experimentally deter- 
minable quantity. It cannot be predicted theoreti- 
cally on the basis of stoichiometry of the reaction. 


5, A reaction may proceed in several steps, the overall 
order of a reaction is calculated by the rate deter- 
Mining step. 
Thus a reaction may be zero, first, second or third order 
according as the value of (m+n) comes out to be zero, one, two or 
three respectively. 


Consider a simple reaction : 


(38 =) 
a 0...Initial concentration 
a—x x---After time t 


Let us start with a g mol of reactant A and let xg. mol 
undergo change in time interval ¢, then 


Rate of reaction, gx œ (a—x) 


d 
or, I =k (a—x) 


where k is rate constant or velocity coefficient or specific reaction 


rate. 2 


Experiment 14.3.1. To determine the rate constant of the 
hydrolysis of methyl. acetate catalysed by 0.5 N-HCI1. 


Apparatus : A constant temperature bath, conical flask 
burette, pipette, stop watch, etc. 4 


Chemicals : Methyl acetate, HCI, NaOH i 
ice, water. » Phenolphthalein, 


Procedure : Take methyl acetate and 0.5 N—HCI i 
bottles and keep them in a theromstat for half an a 
they assume the temperature of the bath, mix 5 mL of methyl 
acetate and 100 mL of 0.5 N—HCI. Immədi y 


: z 7 ately withdr 
of the reaction mixture with the help of a Pipette and TERN 
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250 mL conical flask containin, 
to quench the reaction. 

solution of a NaOH from 
indicator. Similarly again, 
after five minutes and Tepe; 


gice pieces (made.of distilled water) 
Now titrate the solution by adding N/50 
the burette using phenolphthalein as an 
Pipette out 5 mL of the reaction mixture 
at the procedure. Repeat the above pro- 
cedure by withdrawing 5 mL of the reaction mixture after 10, 15, 
20, 30, 45 minutes. These titre readings give the value of V; at 
different intervals of time. The V treading corresponds to the read- 
ing when hydrolysis is complete. To obtain this Treading, at times 
the remaining mixture is titrated after 20 hr. But generally it is 


advisable to heat the mixture at ~50°C for about an hour to com- 
plete the reaction and then P. 


co is determined by titrating with 
NaOH. 
Observations : 
2,303 
Volume of b= 
t alkali'i.e. | Veyg—V,=(a—x) log (a—x) 
(min) V, (mL) l 
°8(a—x) 
(min-) 
| : 
0 Vo Veg —Vo=a = os 
10 Vio Voo—Vio A 7 
| 
15 Vis Veoo—Vis — = 
20 Vao Veo —Voo = — 
30 Veo Va Va à A 
45 Vas Voo—Vis = — 
co Veo — 


Ko —Vo=a 
Veo —Vi=(a—x) 
2.303 y, 
TE login vo Vo 


TA 
Result: If the values of & are constant then the hydrolysis of 
CH,COOCHs is a first order reaction, 


On plotting a graph between log peck and f, a straight line 
aa 


passing through the originis obtained, The slope gives the rate 
constant for the reacticn. 
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The rate of reaction can be calculated from the equation 


dx 
—=k(a— 
ae a=) 
Precautions: (i) The reactants are allowed to attain the 
temperature of the thermostat or water bath. 


(ii) The zero time should only be noted when ice is added to 
the first 5 mL of the reaction mixture. 


(iii) Titrations should be performed immediately when aliquot 
has been taken out. 


Experiment 14.3.2. To determine the rate constant of the 
Saponification of ethyl acetate using sodium hydroxide, 


Apparatus : As suggested in Experiment 14.3.1. 
Chemicals : Ethyl acetate, NaOH, HCI or H,SO,. 


Hint : The hydrolysis of ethyl acetate by sodium hydroxide is 
given by the equation 


CH,COOC,H,-+NaOH —> CH,COONa+C,H,OH 


To study this reaction, equimolecular quantities of ethyl 
acetate and sodium hydroxide are mixed together and 5 mL of the 
mixture is withdrawn at regular intervals of time and then titrated 
against standard HCI or HSO; solution. The amount of acid used 
will correspond to unused alkali, i.e. (a—x). The initial concentra- 
tion a of the alkali will correspond to the volume of acid used 
initially. 

These experimental yalues of a and (a—x) are then substituted 
in rate equations for first, second and third order reactions and the 
value of kis calculated. The equation which gives the constant 
value of k will determine the order of reaction. The results in this 
case show that hydrolysis of ethyl acetate is a Teaction of the second 


order since the value of k comes constant when the following equa-. 
tion is used 


1 x 
KE a(a—x) 
Knowing the value of k and (a—x) at any instant the rate of - 
lysis can be determined by the following equation hydro 
dx 
Ar =k(a—x)(a—x) 


Here k is velocity constant, a the 
reactants and x is the amount of ethyl aceta; 
used at any time t, 


initial concentration of 
te hydrolysed or alkali 
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QUESTIONS 


1. Define rate of a reaction. How does the concentration of 
reactants affect the rate of a reaction ? 


2. Explain the differences between order and molecularity of 
a reaction. 


3. List the important factors which affect the rate of a 
reaction. 


4. Distinguish between Tate and rate constant. Give units of 
tate constant. 

5. What is saponification ? 

6. What is quenching ? 
14.4. ADSORPTION 


Surfaces of both liquids and solids, unlike their bulk are cons- 
tantly under the influence of unbalanced attractive forces. These 
unbalanced forces are called residual valence forces. Solids in parti- 


cular are endowed with unbalanced forces at their surfaces by the 
incomplete valence bonds. 


As a result, solid surfaces tend to satisfy their residual forces 
by attracting and retaining on them the molecules of other subs- 
tances which come in their contact. As the molecules remain only 
at the surface and do not penetrate into the bulk, their concentration. 
is more at the surface than in the bulk of the solid. The pheno- 
menon of higher concentration of any substance on the surface 
than in the bulk of a solid is called adsorption (Fig. 14.5). Thus 
adsorption refers to the telatively higher concentration of the 
adsorbed material (adsorbate) on the surface of the adsorbent (solid) 


as compared to its concentration in the bulk phase (of the absorbed 
material). 


ADSORBED MOLECULES. RESIDUAL FORCES 


g (VALENCES) AT THE 
AS 


INTERIOR OF 
THE SOLID 


Fig. 14.5. Adsorption on the surface of a solid by residual 
forces (valences). 
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The amount of the substance adsorbed is proportional to the 
concentration of the solution and is given by the relationship 
(Freundlich adsorption Isotherm). 


kem 
m 
‘where x=Amount of solute adsorbed 


m=Amount of adsorbent 


k=A constant depending upon the nature of both adsorbent 
and adsorbate. 


c=Equilibrium concentration of adsorbate in the solution. 
n=A constant depending upon the nature of the adsorbate. 


The value of 1/n is generally less than unity. Taking 
logarithms of the equation, we get 


KI 1 
log Sak =log Laer loge 


If the values of log = are plotted as ordinate against log c 


as abscissa, we get a straight line (Fig. 14.6), with a slope 1/k and 
intercept on the ordinate log k. 


LOG xm 


INTERCEPT LOG k 


LOG c 


Fig. 14.6. Freundlich adsorption isotherm. A plot between 


[log = and log ¢. 
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Experiment 14.4.1. To study the adsorption of acetic acid 


on charcoal and prove the validity of Freundlich’s adsorption 
isotherm. 4 


Apparatus : Six stoppered Teagent bottles, 2 burettes, pipette, 
measuring cylinder, funnels, trough, measuring flasks. 


Chemicals: Acetic acid, sodium hydroxide, powdered acti- 
vated charcool, Phenolphthalein. 


Procedure : Prepare standard stock solution of each acetic 
acid (0.5 M) and sodium hydroxide (1.0 M). 


Take 6 neat and dry Stoppered reagent bottles. Label them 
from 1 to 6. f 


Set up two burettes. Fill one with 0.5 M acetic acid and the 
other with distilled water. 


Add the solutions to bottles as suggested below : 


Bottle Vol. of 0.5 M Vol. of water 

No, CHCOOH (mL) (mL) 
1 50 0 
2 40 10 
3 30 i 20 
4 20 30 
5 10 40 
6 0 


Add 4 g of charcoal in each bottle and stopper them. 


Shake each bottle and place them in a large trough containing 
water at room temperature. Let the bottles be in the trough for 
about 45 min shaking each of them occasionally. 


In the mean time, set up six funnels with dry filter papers. 
Filter the contents of each bottle separately. Reject first 4-5 mL of 


the solution in each case because its concentration might be affected 
due to adsorption by the filter paper. 


Pipette out 10 mL of each filtered solution and titrate it 


against 0'1 M NaOH using Phenolphthalein as indicator. Repeat 
the titration three times with each bottle solution. 


Observations : 


Mass (m) of the activated charcoal in each bottle=4 g 
Temperature of water =. C 
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: : y 
‘ as 5 = os 
Zee .1| sy Bsa. | 883], 
sles Šp, SgS SEXIS 
s | SSR RRES SSS | ESOS | _ [ale a 
= aSts Suis fost EJI š wo x 
eS Sees gOS Sess “ëg = O aS: 
S | &sss 838 les E25 Bi 
à | S88 | 35 SSee | ss 4 
Sees | ZE Seo lace 
$< | = 3 > 2) 
1 | 0.5x 50 
50 
2 0.5x40 
50 
3 0.5x30 
50 
4 0.5x 20 
50 
5 0.5 x10 
50 
6. — 
Calculations : 


Gi) Calculate c, by including the dilution factor as given in 
the third column above, 


(ii) Calculate c (mol/L) from the titration data. 
(ii) Plot log = values (ordinate) versus log c (abcissa). 


Result : The plot isa straight line which shows the validity 


of the Freundlich adsorption isotherm over the concentration range 
studied. 


Precautions: (i) The bottles should be absolutely dry and 
clean. 
(ii) NaOH used should be free from CO.. 


(iii) For filtration, small filter papers should be used so that 
error due to any adsorption of the acid by the filter paper is 
minimized. 


' Following exercises can also be planned : 


‘1. To study the adsorption of oxalic acid solution on charcoal 
and verify the Freundlich adsorption isotherm. 
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2. To determine the adsorption isotherm of iodine from „its 
alcoholic solution by activated charcoal. Use NaSO; solution 
and starch (indicator) for titrating unadsorbed iodine. 


3. To study the adsorption isotherm of benzoic acid on active 
charcoal. . 


QUESTIONS 

1. What is adsorption ? 

2. State the difference between absorption and adsorption. 
3. Explain the following : 


(i) Surfaces of both 
of unbalanced forces. 


(ii) The process of adsorption is faster than the absorption 
process. 


(iii) The extent of adsorption depends upon the surface area 
of adsorbent. 


liquids and solids are under the influence 


4. Differentiate between in each of the following sets: 
(a) Adsorbent and adsorbate. 


(b) Chemisorption and physisorption. 


5. (a) Suggest the probable mechanism of adsorption. 


(b) List the various factors which govern the degree of adsor- 
ption of liquids on solids. 


6. Explain the two terms—adsor 
tion isobars, Describe Freundlich’s a 


7. How does the extent of ad 
and pressure ? Explain. 


8. Write short notes on : 
(a) Catalytic reaction and adsorption, and 
(b) Adsorption from solutions. 


4 9. Explain why adsorption is us: 
in enthalpy ? Why does adsorption st 


14.5. HARDNESS OF WATER 


Water which does not ea f 
known as hard water, All natural waters contain small quantities 
of dissolved salts which vary greatly in composition from one area 
. to another. Dissolved salts of Ca?t and Mg?+t contribute to hard- 
ness in ground water. These are found associated with bicarbonate, 
chloride and sulphate ions. A soap such as sodium octadecanoate, 
CHa COONa Teacts with Ca** and Mg?* ions to form an insoluble 
scum of calcium and Magnesium octadécanoate: 


ption isotherms and adsorp- 
dsorption equation. 


sorption ' vary with temperature 


ually accompanied be decrease 
op after some time ? < 


sily produce lather with soap is 


raw 
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Hardness of water presents many problems in the use of water. 
Some of these are : 

(i) Scale formation on heating surfaces in boilers and cooling 
water equipments. 

(ii) In cleaning processes, soaps, before forming lather, react 
frst with salts in waters to form insoluble calcium and magnesium 
stearates and oleates which form not only objectionable precipitates 
but also result in more consumption of soaps in producing lathering 
properties of water since no lather can be obtained with the soap 
until all the ‘hardness’ has been reacted. 


Hardness of water is of two types : 
1. Temporary hardness, and 
2. Permanent hardness. 


Experiment 14.5.1, To determine the total hardness in the 
given sample of water. 

General: The hardness of water is due to dissolved salts of 
calcium and magnesium. Hardness is of two kinds—temporary and 
permanent. Temporary hardness is due to bicarbonates of calcium 
and magnesium and can be removed by boiling. Permanent hard- 
ness is due to sulphates and chlorides of calcium and magnesium 
and is not removed by boiling. ` 

Hardness of water is expressed in terms of calcium carbonate 
equivalent to the amount of different soluble salts and can be deter- 
mined by titration with standard acid. 

= Apparatus : Conical flask, porcelain dish, measuring cylinder, 
pipette 100 mL, pipette 25 mL, burette, funnel. i 
K Chemicals: Sulphuric acid, sodiùm carbonate solution, 
sodium hydroxide, methyl red indicator. 


Procedure : Prepare the following solutions : 
Sulphuric acid : 0.1 N and 0.02 N 

Sodium carbonate : 0.1 N 

Sodium hydroxide : 0.1 N. 


A. Esiimation of temporary hardness 


Take 100 mL of filtered waterin a 500 mL conical flask 
with a 100 mL pipette or 100 mL measuring flask. Add a few drops 
of methyl red indicator: Now run the N/50 sulphuric acid solution 
from the burette until the solution of the colour in the flask changes 
to red. With acid the following reactions take place : 


Ca(HCO,).-+H,S0, —> CaSO,+CO,+H,0 
Mg(HCO,),+H,SO, —> MgSO,+CO,+H,0 
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At this stage boil the solution to drive off the CO, from the 
Solution (produced as a result of decomposition of carbonates and 
bicarbonates). You will notice that the red colour disappears while 
the solution is being boiled. Now add more of the acid from the 
burette to boiling solution until the red colour is permanent. Note 
the amount of total acid required in titration. 7 

B. Estimation of permanent hardness 

Take 100 mL of hard water in a clean porcelain dish. Add 
12.5 mL of 0.1 N sodium carbonate solution to precipitate calcium 


CaSO,+Na,CO, —> CaCO,+Na,SO, 
MgSO,+2Na0H ——> Mg(OH).+Na,SO, 


Heat the dish on a water bath until the water is evaporated 
and a solid mass is left behind. 


Treat the residue with freshly boiled distilled water (free from 
‘COs) and shake. 


Filter through a filter Paper and wash the residue with more 
of boiled distilled water. Collect the filtrate. 


Titrate the filtrate -with 0.1 N sulphuric acid using methyl 
red indicator. 


Repeat the procedure with 100 mL of distilled water for blank 
teading. 


- Observations : 5 
A. Volume of 0.02 N sulphuric acid used for 100 mL water 
=X mL 


B. (1) Volume of 0.1 N sulphuric acid used by 100 mL of 
Sample water=Y mL 


(2) Volume of 0.1 N sulphuric acid used in blank determina- 
tion=Z mL 


(3) Volume of 0.1 N sulphuric acid {actually used for 100 mL 
of sample water=(Y—Z) mL À 


Calculations : 


Part A 


1 mL of 0.02 N sulphuric acid =10 parts of calcium carbonate 
per million 


=10 X p.p.m. of calcium 


X mL of 0.02 N sulphuric acid 
: carbonate 


wa, Part B; : rl 3 
1 mL of 0.1 N sulphuric acid=50 p.p.m. of CaCO; 


(Y—Z) mL of 0.1 N sulphuric acid=(Y—Z) 50 p.p.m. of 
calcium carbonate 


Total hardness of water=10 X+-(Y—Z) 50 p.p.m. of calcium 
carbonate 


Result : 
The total hardness of a given sample of water is......p.p.m. of 
calcium carbonate. 


QUESTIONS | 


1. What is meant by hard water and its hardness ? 

2. Suggest methods to. remove hardness of water. 

3. What is soap ? How does it differ from detergent ? 

4, It is healthier to take hard water. Comment. | 

5. What are the disadvantages of hard water in industries ? 


14.6. CHEMICAL SANITIZERS 


. Chemical sanitizers find their uses in sanitization, a process 
of reducing microbial Joad of the surfare to be sanitized. For this 
purpose, apart from chemicals, application.of heat and ultraviolet 
radiations has also been effective. Sodium hypochlorite and bleach- 
ing powder are widely used for sanitization. Both these compounds 
eontain chlorine which serve the purpose. These ‘compounds on 
reacting with dilute acids (e.g. H;SO,) give whole of chlorine which 
is known as available chlorine. 


2NaOCl+H,SO, ——> Na,SO,+2HOCI 
2HOCI = H,0+Cl,+40, 
CaOCl,-+-H:SO, —> CaSO,+H,0+Cl, 


Experiment 14.6.1. To determine the available chlorine in 
chlorine containing sterilizers. 


General : It is necessary to check the amount of available 
chlorine in the sterilizer to determine the strength of the chemical. It 


is done by the reaction between hypochlorite solution and acidified 
potassium iodide. 


- Apparatus : Conical flask 250 mL, burette, pi 
DEGAS , » Pipettes, measur- 


_ Chemicals: Glacial acetic acid, potassium iodi i 
thiosulphate solution 0.1 N, starch tut Pipes dium 


F ; soluti o i 
chlorite solution. ion, 1%, sodium hypo. 


NaOCl+2KI+-2CH,COOH —> NaCl+-2CH,COOK+1.+H1,¢ 
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The liberated iodine is then titrated against 0.1 N sodium 
thiosulphate (Na,S,0,.5H 20) 
I,+2Na,S,0, ——> Na,S,0,+2Nal 
One molecule of sodium thiosulphate is equivalent to one 
atom of iodine or one atom of chlorine. Its molecular mass is 248.2 
and its 0.1 Nsolution contains 24 82 g per litre. It follows that every 
mL of 0.1 N solution is equivalent to 0.003546 g available chlorine. 
Procedure: Takethe sodium hypochlorite solution sample 
available in the market, Pipette out 5 mL of the sample solution 


into a 250 mL volumetric flask and dilute with distilled water to 
make the volume upto mark. Shake the solution well. 


Pipette out 50 mL of dilute solution into a conical flask. Add 


2g of potassium iodide crystals to the solution and dissolve them. 
Now add 10 mL of glacical acetic acid, 


As a result of reaction between NaCl and acid, free chlorine 
is liberated which in turn reacts with KI present in the solution. 


Iodine is evolved which imparts light brownish yellow colour to the 
solution, 


Titrate the reaction mixture against 0.1 N sodium thiosulphate 
until the brown colour changes to light straw yellow. 


At this stage add 2 mL of one per cent starch solution as 


indicator. Continue titration by addition of thiosulphate solution 
-drop by drop until the colour disappears. 


Repeat the experiment to get concordant values. 
Observations and Calculations 


Record the titre values in the tabular form. 

Strength of sodium thiosulphate=fx 6.1N 

Volume of 0.1 N sodium thiosulphate=y mL required 

1 mL of 0.1 N sodium thiosulphate=0.003546 g available 


chlorine 
1 mL of fx0.1 N. sodium thiosulphate=fx 0.003546 g avai- 
lable chlorine (f=factor) 


V mL of fx0.1 N sodium thiosulphate=y x fx 0.003546 g 


; available chlorine 
This was contained in 50 mL of diluted“ solution or 1 mL of 
the original sample. 


Therefore available chlorine in 100 mL of the sample solution 
of NaOci 

=VX FX 0.003546 x 100 g 
or =x fx 0.3546 per cent, 


QUESTIONS 
‘available chlorine’ ? 


of sodium hypochlorite appears yellowish 


1. What is meant by 


2. Aqueous Solution 
green. Comment. 
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3. Commercial bleaching powder contains 35% available 
chlorine. Comment. 


4. Suggest methods for the preparation of sodium hypochlorite 
and bleaching powder. 


5. Distinguish between the bleaching action of sulphur dioxide 
and chlorine. 


Now. I am sure students can plan investigatory projects of their ` 
taste after discussing from their class teachers. 


Some projects are suggested below for your reference : 


ils 
2: 


13. 


14. 


15. 


Study of diffusion of a solid into a liquid. 


Determination of the minimum quantity of manganese 
dioxide required as a catalyst for the preparation of 
oxygen gas. 


Determination of rate of flow of solutions and liquids 
horizontally. 


Investigation on the foaming capacity of different washing 
soaps and the effect of addition of sodium carbonate on 
them, 


Study of the acidity of different samples of the tea leaves 
and reasons for the variation in their taste. 


Determination of the rate of evaporation of different 
liquids. 

Study of the effect of metal coupling on the corrosion of 
iron. 


Study of the effect of acids and bases on the tensile 
Strength of fibres. A 


Analysis of fruit and vegetable juices for the contents 
(acids and minerals) present in them. 


Preparation of rayon threads from various cellulose 
sources. 


Study of dyeing of fabrics under various conditions. 


Determination of the dosage of bleaching powder Tequired 
for disinfection of different samples of water (taken from 
different sources). 


Study of the presence of oxalate ions in guava fruit at 
different stages of ripening. 


Study of the setting of mixtures of cement with lime, sand 
of different qualities, rice husk, etc, (with respect to time 
volume and strength), 4 


Study of the presence of insecticide/pesticide (ni 
containing) in vegetables and fruits. | open 
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16. 


17. 


20. 


21. 


22. 
23: 
24. 


Note : 


Study of the dialysis of different sewage water samples and 
identification of different ions in resulting solutions. 


Study of the quantity of case in present in different samples 
of milk. 


Preparation of Soyabean milk and its comparison with the 


natural milk with respect to curd formation, effect of 
temperature, taste, etc. 


Study of the effect of Potassium bisulphate as food pre- 


Servative under various conditions (temperature, concen- 
tration, time, etc.). 


Study of digestion of starch by salivary amylase and effect 
of pH and temperature on it. 


Comparative study of the rate of formation of following 
substances, wheat flour, gram flour, potato juice, carrot 
juice and organic juice, t 

Extraction of essential oils present in Saunf (Aniseed), 
Ajwain (Carum), Illachi (cardamom). 

Study of constituents of an alloy (any sample easily avail- 
able may be taken). 

Study of common food adulterants in fat, oil, butter, 
sugar, turmeric powder, chilli powder and pepper. 


Any other investigatory project can be performed which 
involves about 10 periods of work with the approval of 
the teacher. 


OO 


Appendix 


Preparation of reagent solutions : 


3 Approxi- 
Reagent mate Preparation of 1 litre solution 
normality 


Ammonium acetate 3N Dissolve 231 g in water and dilute to 
volume. 


Ammonium carbonate 4N Dissolve 160 g in a mixture of 140 mL 
of conc. ammonia and 860 mL of 
water. 


Ammonium chloride 5N Dissolve 270 g in water and dilute it 
to volume. 


Ammonium nitrate IN Dissolve 80g in water and dilute it 
to volume. 


Ammonium oxalate 0.5N | Dissolve 34g in water and dilute it 
to volume, 


Ammonium sulphate 2N Dissolve 132 g in water and dilute it 
to volume, 


Ammonium sulphide 6N Pass HeS gas through 150 mL of con- 

(yellow) centrated ammonia solution in cold 
until it is -saturated ; add 10 g of 
flowers of sulphur and 250 mL of 
conc. ammonia solution. Shake the 
mixture until the sulphur is dissolved. 
and finally dilute with distilled water 
to volume, 


Barium chloride 0.5N_ | Dissolve 61 g in water and dilute it to 
volume. 


Calcuim chloride 0.5 N Dissolve 55 g in water and dilute it to 
volume. 


Cobalt nitrate 0.3 N Dissolve 44 g in water and dilute it 
to volume. 


Copper sulphate i 0.5N Dissolve 125 g in about 500 mL waten 
containing 3mL of conc. H.SOQ,. 
Make up the volume. 


Ferric chloride 0.5N Dissolve 135g in about 500 mL of 
water containing 20 mL of conc, HCI 
Make up the volume, 


Iodine solution 01N Dissolve 12.7 giodine in a solution 
r containing 20g of KL in 30 mL of 


water and finally dilute with water to 
volume. 
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Approxi- : 
Reagent mate Preparation of 1 litre solution 
normality 
Lead acetate O.5N Dissolve 95 g in water containing 
conc. HCland dilute it to volume, 
Mercuric chloride 0.2N Dissolve 27 g in water and dilute it to 
volume, 
Potassium chromate 05N Dissolve 49g in water and dilute it 
` to volume. 
Potassium ferri-cyanide 0.5N Dissolve 32.5 gin water and dilute it 
to volume. 
Potassium ferro-cyanide 0.5N Dissolv- 53 g in water and dilute it to ` 
volume. E 
Potassium iodide 0.5 N Dissolve 83 g in water and dilute it to 
volume. S 
Potassium permanganate 0.1N Dissolve 3.2g in water, dilute. to 
volume and finally filter through 
glass wool. 
Potassium thiocyanate 0.5N Dissolve 49 g in water and dilute it to 
volume, 
Silver nitrate O1N Dissolve 17 gin water and dilute it 
to volume. Store in a coloured bottle. 
Sodium hyd: ogen 1N Dissolve 120 g in water and dilute it 
Phosphate to volume, 
Stannous chloride O5N Dissolve 56 g in 100 mL of conc. HCl 
and then dilute with water to 1 litre. 
\ Add a few pieces of tin metal. 
Neutral FeCl, solution Add NaOH solution drop by drop 
to FeCl, solution until a slight ppt. 
persists on shaking. Now add dil. HCI 
in drops until the ppt. just dissolves. 
Nessler’s reagent Dissolve 23 z of mercuric iodide and 
16 g of KI in distilled water (free of 
NH3) and dilute to 100 mL, Then add 


100 mL of 6N-NaOH solution. 
—_—_ŘŮĖŮ— ë Zoo 
Solid Reagents. Aluminium powder, Ammonium chloride, 
Borax, Calcium chloride, Lead dioxide, Magnesium metal, Potassium ` 
nitrite, Potassium permanganate, Potassium bisulphate ’ Potassium 
dichromate, Potassium iodide, Sodium nitrate, Sodium bicarbonate, 


Sodium nitrite, Sodium peroxide, Sodium bisulphz i etal, 
Zinc chloride, a-naphthol. k HEM, 7A 


273 


‘Indicators 
_.  Phenolphthalein solution. Dissolve 5 g of phenolphthalein 
in 50 mL of rectified spirit and 500 mL water with constant stirring. 
Filter, if necessary. 

Litmus solution (blue). Dissolve 10 g of the solid in 100 mL 


of water. S = 
Litmus solution (red). To 1% blue litmus soln. prepared 
above, add a few drops of HCl until the solution acquires a red 


«colour. f 
Methyl orange solution. Dissolve 1 g of solid in one litre of 


hot water and filter. pat i 
Methyl red solution. Dissolve 1 g of solid in 0.5 litre of 


-alcohol and dilute with water to one litre. 
Reagents for Organic Analysis 


Reagent Preparation of reagent solution 


[Alcoholic silver nitrate | Prepare 10% solution of AgNOs in alcohol. 


‘Barford’s reagent Dissolve 6.5 g of copper acetate crystals in 100 mL of 
1% acetic acid. A 


Benedict’s solution Dissolve 1.73 g of crystals of copper sulphate in 100 
mL of water and add 17.3 g of sodium citrate and 10 
g of anhydr. us NaCO; in 80 mL of water. Dilute the 
solution to 500 mL with water. 


-2 : 4 Dinitrophenyl- Dissolve 2g of reagent in 10 mL of conc, H,SO,. 
hydrazine Then slowly add 200 mL of alcohol, Filter after some- 

time. 
| Behling’s solution Dissolve 34.5 of copper sulphate in 500 mL of water, 


Add a few drops of H2SO, (if necessary) to make the 
solution clear, (Fehling’s solution A). Dissolve 173 g 
of Rochelle salt (sodium potassium tartarate) and 50 g 
of NaOH in water and dilute to 500 mL (Fehling’s 
solution B), Mix solutions A and B in equal volumes, 
whenever required. 


‘Molisch’s reagent Dissolve 10g of a-naphthol in 100 mL of rectified 
spirit. 
Schiff’s reagent Pass SO, gas through 1% solution of Fuschine (rosana- 


line) until its colour is discharged. Filte 
the solution in a coloured stoppered bottle, ere 


Tollen’s reagent Mix 2 mL of 10% NaOH with 2mL of 109 
solution. Then add aqueous ammonia tonton ene 
wise until the solution is colourless, ee 


‘Millon’s reagent Dissolve 10 g of mercury in 20 mL of hot concentrated 


mead and dilute the resulting solution with 30 mL 


Huble’s reagent Dissolve mercuric chloride in iodine g 
solution is prepared by dissolving iodin. 
iodide). 


olution (iodine 
e in potassium 


wa So 


274 


International Atomic Masses 


Element Symbol Atomic Atomie mass 
number (amu) 
juminium Al 13 26.9815 
nae Sb 51 121.75 
Arseni¢ As 33. 74.9216 
Barium Ba 56 137.34 
Bismuth ` Bi 83 208.280 
Boron ` B 5 10.811 
Bromine Br 35 79.909 
Cadmium Cd 48 112.40 
Calcium Ca 20 40.08 
Carbon C 6 12.01115- 
Chlorine Cl 17 35.453 
Chromium Cr 24 51.996 
Cobalt Co 27 58.9332 
Copper Cu 29 63 54 
Fluorine F 9 18.9984 
Gold Au 19 196.967 
Hydrogen H 1 1.00797" 
Iodine ~ I 53 126.9043 
Iron Fe 26 55.847 
Lead Pb, 82 207.19 
Lithium Li 3 6 939 
Magnesium Mg 12 24.312 
Manganese Mn 25 54.9380" | 
Mercury Hg . 80 200.59 
Nickel Ni 28 - 58.71 
Nitrogen N 7 14.0067" 
Oxygen 19) 8 15.9994 
Phosphorus È 15 30.9738: 
Platinum Pt 18 195.09 
Potassium K 19 39.102 
Silicon Si 14 28.086 
Silver Ag 47 107.870 
Sodium l> Na 11 22.9898: 
Strontium Sr 38 87.62 
Sulphur S 16 32.064 
Tin Sn 50 118.69 
Uranium U 92 238.03 
Zinc Zn 30 65.37 


[Note. Values are based on the C—12 standard]. 
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ANTILOGARITHMS 
sf4,)/5|}¢6]/7;,8 123/456/789 
1007 | 1009] 1012] 1014 | 1016} torg 111|222 
1030 | 1033 | 1035 | 1038 | 1040| 1042 111/222 
1054 | 1057 | 3059 | 1062] 1064 | 1067 112|233 
1079 į 1081 | 1084 | 1086 Í z089 | 1091 1r1|222 
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